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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions

for a large part of the Nation’s freshwater
streams, rivers, and aquifers.

* Describe how water quality is changing

over time.

e Improve understanding of the primary
natural and human factors that affect
water-quality conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

ﬂa&u‘ . Herach

Robert M. Hirsch
Chief Hydrologist



CONTENTS

ADBSIITACT ...ttt ettt b et A bbbt etk R bbb bR R b E ettt b ke b ekttt bt 1
INEEOTUCTION ...ttt s b e s s s st s R A e b eae et e b ea b ae b e b e b b et et et s esasneres 1
Description of the StUAY UNIt........coueeoiuirieiieeei ettt e b ettt sebeb et e neeae st st beseneenes 2
Physiographic and GEO0LOZIC SELLNES .........cecveuiireeeiteeecteetiecee et eteteetete et eseeteteeeetes st eteeteesesessesessesesessessssetsssessesessasesessenses 2
CIIMALE. ...ttt et ettt et b et bbbt b b et et e bt s e s s e bbb s ea s e s eass bt ba e es s sene s ettt me bbb ebs et 4
Surface Water HYAIOIOZY ...cc.ooveuiiieeieieeieiseec ettt st et eh et a bt ettt s et b e eee 4
Population and Land USE...........cvueieuieiiuiieeeieeeeietcietee ettt eve ettt ete e easeses e st easeseebensesesessesessesesaesensesstesansatens 11
WALET USE....neniiirieciertcit ettt ettt sttt et et eae st es e st e et ese st e st s e emtebant b e s s e ent ek e se et et e ba e st e st snerenae st ebeeaneneneentes 11
Environmental Framework for Water Quality ASSESSINENL........c..ecevrerirreuereririerertrieterereseresren s sasessssssa s eans 12
POINE SOUICES ...ttt st ettt a ekttt st etk et eba s eseat e b s e eba e es et e b e st et e e s et et e e enensenenseneneossan 12
INONPOINE SOUICTES «...vveevierieteetietecteeteeteertesteseesreeeeesseesseseessessessseasersssssenseeseasssesseseassessesssesranstensenssensanseensesasessessees 12
Water Quality Problems Identified by the State of California............cccoevirieeeriereneccnicnnenerrecre e 17
EnVITONMENLAL SEHINEZS -...ceteiriietiee sttt ettt ettt ss e st e e s e sa st e e ee st e st et et et eae ke saesbemtemae st e n et onenaesnins 18
Lower San Joaquin River Basin, 1951—1990.......c.ccccimieiriiriiiiiicrerieieeeieesre sttt esbe e s eesse st e saesbe e ssesse e eae et enesaesnesuesnes 20
SOUICES OF DALA.......eirvieiieeiieierteete ettt ettt st st b se et st e s b e st e sen et eae e ket e et e saebe st s s e on et ene e ne e s s enebesae 23
COMPIIAION OF DIALA .....oovvieeieiecieieecteeece ettt e ettt et e e b e et e beeabesseessesseessessaassessassaenearntenneanae sseaneeeneneens 23
SCIEEMING OF DALA ..c.eiiiiiiiiieiee ettt ettt b e es et e ae e e ea e tess et e st ensenease bt eneebeas et et easentebeeanabeshesaesbenae 24
ANALYSIS TECHIIQUES «.cuvivieeeieiieeeieieie ettt ettt ettt b et et et seseseeteeasebesbessessessestensebesae bt saeabenbese e s e b ebeestnsesaesaennesaesnen 26
Quality Assurance and QUALILY COMIIOL........ccvvueivieririeieieieriet ettt st et b st sr et a e ese e e res e e se e s eaeneaas 27
Description Of AVAILADIE DALa.........c..c..ovieeieiioiiicceieet ettt et sse et e e et e s e e s e e eaeebe ke be st et ent et et estsa et e saesren 28
Timing and Location of SAMPINE .....cccccueriiriiirii ettt saers s st s a s s s s saa b eens 28
Streamflow at Time of Water QUality SAmPLING.......c.ecceeirreirirerieieeeeece et e 38
Description of Constituent Concentrations by Environmental Setting...........cceoeeviiiiiiinnciiiniinccniniinieieree e 41
Differences in Constituent Concentrations Among Environmental SEttings.........coceevreeeveeeeriiinnmencnnsnencnniccnnn, 41
Concentrations of Constituents in the Lower San Joaquin RIVET .........cccocecriiiiiiininninineeceee e 47
Relation to National CONILIONS .......cccoueeeieririiieieiereeietee sttt sttt sttt e e te e st esesae e seeresae s sbersasebssesrens 57
Relation of Nutrient and Suspended Sediment Concentrations to Streamflow ...........c.cocoeeereiiniiicniiiicniinccceenes 57
L0A0 ESHIMALES .....c.erveveeeierieierieeiete sttt ettt st e see et eaes e se st e et eae e et ese e ess st ebe e e ae e es e sses et ene s st s ae st sess s eassa e asnasasne e sbenens 60
ANNUAL SIream LOadS ...c.oviiiiieiicieeet ettt ettt et a s sa e 60
Relation of Stream Loads to Upstream CONItIONS ..........cveeeerieieereeieririeieireee et erestesestre et et srassseeseseons 75
ATMOSPRETIC LLOAAS ... ettt et b et et st e st h ettt s e b sa et sbe e e e b et e besse s eane s 76
Total Loads in the Lower San Joaquin River Basin........co.cccecireriniinieiniiieiiiceereccec e 78
Trends in Constituent COMCENITALIONS .......ccceruirerueruiieiereeteteeeree s e se et e s tesesste e est et e e sse st benseseeesaee e ssesaesaessaesesassenesasarenres 79
SUMMATY ANA CONCIUSIONS «...ouvieeieiiieiiieesieie ettt sttt ae e e e e se st e s et e sassase st ebe st eseseebestesereenesesseseesennenesssresennesasns 86
REETENCES CHLEA......coviirieieieireiete ettt ettt ettt et et e st et b e e et e e et e be e et et et et sba e s et st s et et ere e me e e et e sneeeacrsns 89
FIGURES
1. Map showing San Joaquin-Tulare Basins, California, Study WNit .........c.ceceverererrieveeneneinienienneeeeeeceas 3

2. Map showing mean annual precipitation, San Joaquin—Tulare Basins, California, study unit..........c...cco.oc.ce... 5
3.-5. Graphs showing:
3. Annual mean streamflow at seven representative sites, San Joaquin—-Tulare Basins, California,

SEUAY UL, 19501991 ..ottt ettt aa st s b e s et e be e b st e b e sae e me s e e ssennesab s eanennsenes 6
4. Monthly mean streamflow showing seasonal variation at seven representative sites,
San Joaquin—Tulare Basins, California, study unit, 1950~1991........c.ccceveriminininininrniniicineceenees 7
5. Unimpaired and measured monthly mean streamflow, San Joaquin Basin, California, 1979-1992.......... 8
6. Map showing major reservoirs and distribution systems in San Joaquin-Tulare Basins, California,
SELAY UILIE..c..etinteeet ettt ettt ettt et b et a e bt e st e e e st e bt st e b s ae b st et et e b sadeabebe s R s b s b e s et eneenseanenserees 9

Contents v



7. Water year hydrologic classifications for the San Joaquin Basin, California, 1950-1992.............ccceiiinini. 11
8.-10. Maps showing:

8.
9.

10.
11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

Agricultural diversions from lower San Joaquin River system, California..........coccoooenniinnnnnnnnnnen, 13
Point source discharges in San Joaquin—Tulare Basins, California, study unit by

type of discharge and amount Of diSCHATZE .........covvuerieirerceereiieine e 14
Lower San Joaquin River and Grasslands area, California ............cocovviiviimiininniieeeeceeecieeecieen, 15
Graph showing estimated fertilizer applications of nitrogen and phosphorus in

San Joaquin—Tulare Basins, California, study unit, by county, 1965-1985.........ceveeiririirinniiiririicennen 16
Graph showing total acres with subsurface agricultural drains in the Grasslands area,

San Joaquin Valley, California, 1950—1991 ........ccoovirieririeniiiteieereeere e b s sin e s s 17
Map showing agricultural discharges to lower San Joaquin River system, California........c..cooevvienienns 18
Map showing impaired water bodies in San Joaquin—Tulare Basins, California, study unit...................... 19
Environmental settings in San Joaquin—Tulare Basins, California, study umit:

(A) Environmental settings (B) Locations of environmental SEtNZS .......ccccveeveerernierrimiiiennniiiiie e 20
Graph showing comparison of nutrient and suspended-sediment data from the

National Water Information System (NWIS) of the U.S. Geological Survey and STOrage and

RETrieval (STORET) database of the U.S. Environmental Protection Agency for

San Joaquin River near Vernalis, California, 1972—1990.........ccocoerimiinininienienneererecnesese e 29
Graph showing numbers of sites and samples for nutrients and suspended sediment in the final

National Water-Quality Assessment database, 1972—-1990, San Joaquin—Tulare Basins,

California, STUAY UNI........ccoeoirieiriieiiee ettt bbbt a s 31
Map showing long-term water quality monitoring sites in San Joaquin—Tulare Basins,

California, SEUAY BIL...c....c.oveiiierieeieie ettt et e et esae e st et eseeeaee st e st e temeaenteeaesseeseeaeesaeesesaeesneaseeasearans 32
Map showing nutrient data sites in San Joaquin—Tulare Basins, California,

STUAY UNIE, 197271990 ...oviriieiiiee ettt ettt et et e e te e e beert e besseessesssessaseaseesseentessasseansassteeranssansenaeans 37
Graph showing nutrient samples and sampling sites by environmental settings in

San Joaquin—Tulare Basins, California, StUdY UNIt .........cccooveeiruirieinineniiiietee e e 38
Map showing suspended sediment data sites in San Joaquin—Tulare Basins, California,

SEUAY UIIE..c.eeniiteiteiietiiet ettt sttt st b ettt et e s et e b e bt e st e e e st e bt ea b e s e s e b e s et saeea s entsn e b ae st e annes 39

22.-33. Graphs showing:

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

vi Contents

Suspended sediment samples and sampling sites by environmental settings in

San Joaquin-Tulare Basins, California, StUdy Unit .........cccoceviviiiiiniimiiiiiic e 40
Nutrient and suspended sediment samples and sampling sites for long-term sites by

environmental settings in San Joaquin—Tulare Basins, California, study unit.........c.cccevuveiicniininierenennn. 41
Percent of nutrient and suspended sediment samples collected during the irrigation season at

long-term sites in the San Joaquin Valley, California ...........cccooeivniiiininieiieicicec s 42
Percent of streamflow associated with nutrient samples collected at selected sites in

San Joaquin-Tulare Basins, California, Study Unit ......c...cocceccivieiiiininiiineniniininininiicicneccce e csceaenreans 43
Percent of streamflow associated with suspended sediment samples collected at selected sites in

San Joaquin—-Tulare Basins, California, Study Unit ........cccccoerriiiiininiiiineicee e 44
Nutrient and suspended sediment concentrations at long-term water quality monitoring sites by
environmental setting in San Joaquin—Tulare Basins, California, study unit, 1972-1990........................ 45
Differences in suspended sediment size among environmental settings, 1972-1990, in

San Joaquin-Tulare Basins, California, Study Unit ...........cocoooiiiiiiiniii e 47
Nutrient and suspended sediment concentrations in the San Joaquin River, California,

and its most significant inputs, 1972—1990 ........c.cccoviirieniiiiiiie e e 54

Comparison of nitrate, total phosphorus, and suspended sediment concentrations,
San Joaquin-Tulare Basins, California, study unit, to national sites, 1993 National Water Summary.

(A) Agricultural areas. (B) FOTESt ATEAS .......cueevverrerreerrereerrreeeesterteseeenaeseeseesseessessesssenseessesseesessieensesneesnssunns 58
Relation between streamflow and nitrate concentrations at selected sites in San Joaquin-Tulare

Basins, California, study unit, 1972—1990..........cccoririniirininieirectrte st cnsae e 59
Relation between streamflow and total phosphorus concentrations at selected sites in

San Joaquin-Tulare Basins, California, study unit, 1972=1990 ..........cccccormmmmmmiemmcrmreencrcnicrercrsenas 61
Relation between streamflow and suspended sediment concentrations at selected sites in

San Joaquin-Tulare Basins, California, study unit, 1972—1990 .......c.ccooiviniciminnmmniiciies 62



34.-37. Maps showing:

34. Annual nitrate loads in San Joaquin-Tulare Basins, California, study unit,

during wet year (1986) and critically dry year (1988) .......c.cccoviireciininenrirreciscnis s
35. Annual total nitrogen loads in San Joaquin—Tulare Basins, California, study unit,

during wet year (1986) and critically dry year (1988 ) .....c.ccecvueireiererierirneeere et et esereese e eesenes
36. Annual total phosphorus loads in San Joaquin-Tulare Basins, California, study unit,

during wet year (1986) and critically dry year (1988) .......ccccecivierrreieeriererereriresearesanseeneeesessenesescssenenene
37. Annual suspended sediment loads in San Joaquin-Tulare Basins, California, study unit,

during wet year (1986) and critically dry year (1988) .......oeeueireeirinniinrrerrrreesss e

38.-47. Graphs showing:

TABLES

*®

10.

11.

12.

13.

14.

38. Annual nitrate, total nitrogen, total phosphorus, and suspended sediment loads at

San Joaquin River near Vernalis sit€, 1972—1990 ...........ccceoerrimirinirenineiesrenteesie e eeeresessesessesaereeene
39. Atmospheric deposition sites and selected drainage basins for load comparisons in

San Joaquin-Tulare Basins, California, StUAY UNit ..........ccoceeeieirienrenenerenenseeseeeeseseeese e esecseeesseseene
40. Trend in nitrate concentration at San Joaquin River near Vernalis site, 1951-1990.......c.cccccevverrccunnrenen.
41. Potential sources of total nitrogen in the lower San Joaquin River Basin, California, nitrate

loads and concentrations, and nutrient trends in the San Joaquin River near Vernalis site.......c.c.cccceveeeeee
42. Nitrate concentrations at selected San Joaquin River sites, California, 1972—1990......c.cccconerueurmrneenee.
43. Total phosphorus concentrations at selected San Joaquin River sites, California, 1972-1990...................
44. Suspended sediment concentrations at selected San Joaquin River sites, California, 1972-1990 .............
45. Nitrate concentrations at representative sites in San Joaquin-Tulare Basins, California,

SEUAY NIt 197271990 ... ..ottt ettt et v et ettt e eaeeetesae et e beesbeesteseeabeesaeasessaanseeraesbensanntens
46. Total phosphorus concentrations at representative sites in San Joaquin—Tulare Basins,

California, study unit, 1972—1990.........cceiireieriieiicte ettt ettt be et e e ae e b s
47. Suspended sediment concentrations at representative sites in San Joaquin-Tulare Basins,

California, study unit, 1972—1990.......cccecimrerirriiieiiieicceiee et e sa et be et be s e et s e e et besaene

Major reservoirs and distribution systems, San Joaquin-Tulare Basins, California, study unit .........c..ccceveuen...
Factors affecting nutrient concentrations in the lower San Joaquin River Basin, California,

1950, 1970, and 1990 ...ttt ettt es
Approximate nutrient concentrations from major sources in the lower San Joaquin River Basin,

California, during the 1at€ 1980 .....cccoveeviiririeeriiirierieieet ettt et b e e be b s saes st b seeenebesesesessesebenenens
Number of sites and samples for nutrients and suspended sediments in initial and final databases,
1972-1990, by agency, San Joaquin-Tulare Basins, California, Study unit...........cceceerureveviiinninnciniinans
Number of sites and samples removed from initial database, San Joaquin-Tulare Basins,

California, STUAY UIIL.....c.ccceuiericeiiiie ettt er s s bttt s ettt sttt s ettt ettt ean
Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare

Basins, California, StUAY UMIL .....e.ceirreicneoiieetrit ettt ettt s bes st bebes s besesesesesaore e sesestsnoneeanenas
Summary of Tukey’s test on ranks for nutrients and suspended sediment at long-term water quality
monitoring sites, San Joaquin-Tulare Basins, California, study Unit.........cocoeoeinirnencnncneceeecenee
Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit..........ccecoevveinnnan
Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in

San Joaquin-Tulare Basins, California, study unit, 1986—1988..........ccceieeireerieieriietee et
Nitrate, total nitrogen, total phosphorus, and suspended sediment loads in the lower San Joaquin River,
California, that are unaccounted for by inputs from major tributaries, 1986—1988 ...........c.ccocveeerenrrricnrenenens
Mean nitrogen loads at atmospheric deposition sites, San Joaquin-Tulare Basins, California,

STIAY TIE ..ottt ettt ettt bt et eteb et sese b ebeseseatrtebase st beseseseebesesssassasssebeneeessebesentanesnsareseneenene
Comparison of stream loads and atmospheric deposition loads for total nitrogen in selected drainage

basins, San Joaquin—Tulare Basins, California, study unit, 1986—1988..........c.ccooeerieveirennerenreenerereeenienenes
Estimated loads of total nitrogen and total phosphorus in the lower San Joaquin River Basin,

California, by Subbasin fOr 1ate 19805 ..........c.vcvrierieiiiieiciciccreiee sttt ee s s sa et st b et bese s sene
Trends in nutrient and suspended sediment concentrations during the 1980s, San Joaquin—Tulare

Basins, California, StUAY UIHL .c.c.covvveveieiieeteieenies e sees s s eae s ssesesbe e sesassasesessasssssnsesesesessenenesenersesesencn

Contents

70

71

72

73

75

77
82

83
84
85
86
87
88

89

10

22

23

25

26

33

47
48

63

74

78

79

80

81

vii



CONVERSION FACTORS, VERTICAL DATUM, WATER QUALITY UNITS,
WATERYEAR, AND ABBREVIATIONS AND ACRONYMS

Conversion Factors

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per acre (acre-ft/acre) 1,233 cubic meter per acre
acre-foot per month (acre-ft/mo) 1,233 square meter per month
acre-foot per year (acre-ft/yr) 1,233 square meter per year
cubic foot per second (ft>/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer
square mile (miz) 2.590 square kilometer

tons per year (tons/yr) 907.18486 kilogram per year

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit ) by
the following equation:
°F=1.8(°C)+32.

Vertical Datum

Sea level: In this paper, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived
from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929.

Water Quality Units

Concentrations of constituents in water samples are given in either milligrams per liter (mg/L) or micrograms per liter
(ug/L). Milligrams per liter is equivalent to “parts per million” and micrograms per liter is equivalent to "parts per billion."

Water Year

In U.S. Geological Survey papers dealing with surface water supply, the 12-month period October 1 to September 30.
The water year is designated by the calendar year in which it ends and which includes 9 of the 12 months. For example, the
year ending September 30, 1992, is called the 1992 water year.” In this paper, unless otherwise defined, “years” refer to
water years.
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Abbreviations and Acronyms

BOR, Bureau of Reclamation

CARB, California Air Resources Board

COE, U.S. Army Corps of Engineers

CRWQCB, California Regional Water Quality Control Board
CVP, Central Valley Project

DWR, California Department of Water Resources

EPA, U.S. Environmental Protection Agency

GIRAS, Geographic Information Retrieval and Analysis System
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NADP, National Atmospheric Deposition Program
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SAS, Statistical Analysis System
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Water Quality Assessment of the San Joaquin—Tulare Basins,
California: Analysis of Available Data on Nutrients and
Suspended Sediment in Surface Water, 1972—-1990

By Charles R. Kratzer and Jennifer L. Shelton

Abstract

Nutrients and suspended sediment in
surface water of the San Joaquin—Tulare Basins in
California were assessed using 1972-1990 data
from the U.S. Geological Survey’s National Water
Information System and the U.S. Environmental
Protection Agency’s STOrage and RETrieval
database. A database representative of ambient
surface water conditions was developed by
excluding sites representing or directly influenced
by small subsurface agricultural drains, waste-
water treatment plant effluents, major water supply
canals, and reservoirs. Comparisons of nutrient
and suspended sediment concentrations were
made among three environmental settings: the San
Joaquin Valley—west side, the San Joaquin Valley—
east side, and the Sierra Nevada. The primary land
use is agriculture at the valley sites and forest at the
Sierra Nevada sites. Soils at the west side valley
sites are primarily fine-grained alluvial deposits
from the Coast Ranges; the east side valley sites
are primarily coarser-grained alluvial deposits
from the Sierra Nevada.

Nutrient and suspended sediment concen-
trations in surface water are highest at west side
sites. Nutrient concentrations in the lower San
Joaquin River are determined primarily by rela-
tively concentrated inputs from west side agri-
cultural drainage, east side wastewater treatment
plants and runoff from dairies, and by relatively
dilute inputs from major east side tributaries. On
the basis of size distribution and load calculations
in the San Joaquin River and tributaries, most

suspended sediment in the river comes from west
side sources.

Nutrient and suspended sediment loads in
the lower San Joaquin River were much greater in
a wet year (1986) than in a critically dry year
(1988). Ratios of 1986 to 1988 loads increased
with the particulate fraction of each constituent.
During water years 1986—1988, nonpoint sources
accounted for at least 81 percent of the total
nitrogen load and 68 percent of the total phos-
phorus load from the San Joaquin Basin. The
overall transport of total nitrogen and total phos-
phorus from the basin during this time was
5 percent and 3 percent of the total sources,
respectively.

Flow-adjusted nitrate concentrations in the
lower San Joaquin River have increased steadily
since 1950. This can be attributed to many factors,
including increases in subsurface agricultural
drainage, fertilizer application, wastewater treat-
ment plant effluent, and runoff from dairies. Since
1970, this increase has been due primarily to
increases of mostly native soil nitrogen in sub-
surface agricultural drainage. Flow-adjusted
ammonia concentrations have decreased during
the 1980s at several sites. These decreases are
probably related to improved regulation of
domestic and dairy wastes.

INTRODUCTION

The quality of the nation’s ground- and surface-
water resources is being affected by numerous human
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and natural processes. Existing data generally are
inadequate to assess the status and trends in water
quality of large regions of the nation. In 1991, after a
pilot phase, the U.S. Geological Survey (USGS) began
to implement the National Water-Quality Assessment
(NAWQA) Program to integrate information about
water quality at a wide range of spatial scales, from
local to national, and to focus on water quality
conditions that affect large areas of the nation or occur
frequently within numerous small areas.

In 1991, the San Joaquin—Tulare Basins study
unit in California was selected as one of the first 20
NAWQA study units for full-scale implementation.
Key water quality issues of concern in the study unit
are concentrations of salinity, trace elements, pesti-
cides, and nutrients in surface water and ground water.
The highest priority national issues for the first 20
NAWQA study units are pesticides and nutrients. An
important first step for each study unit is to review what
is already known about each of these issues. In partic-
ular, the study design and selection of sampling
locations for each study unit will be influenced by the
availability and interpretation of existing information
on the priority constituents. A retrospective report
consisting of a review and an analysis of existing data
on nutrients and pesticides for each study unit is one of
the first major products of the NAWQA Program.

This report presents an analysis of available data
on nutrients and suspended sediment in surface water
of the San Joaquin-Tulare Basins study unit. Except for
Vernalis, the main downstream site on the San Joaquin
River, data analysis is limited to 1972-1990. The
purposes of this report are to (1) describe the spatial
and temporal availability of nutrient and sus-pended
sediment data in the study unit, and to (2) present a
preliminary description of the spatial and temporal
patterns of concentrations and loads in the study unit.
The information presented in this report was used to
guide collection and interpretation of data during the
NAWOQA studies.

The nutrients discussed in this report are nitro-
gen (N) and phosphorus (P), the main nutrients
responsible for eutrophication in surface water. The
U.S. Environmental Protection Agency (EPA) has set
criteria for nitrogen (nitrate and ammonia), but not for
phosphorus. The maximum allowable level for nitrate
in drinking water is 10 milligrams per liter (mg/L) as N.
For ammonia, the ambient water quality criterion to
protect freshwater aquatic life are calculated using pH
and temperature of the water at the time of sampling. In
the study unit, the criterion for ammeonia ranges from

less than 0.2 to greater than 50 mg/L, as N. Although
there are no established water quality criteria for
suspended sediment, studies have shown that elevated
concentrations adversely affect fish (U.S.
Environmental Protection Agency, 1986).

DESCRIPTION OF THE STUDY UNIT

Physiographic and Geologic Settings

The San Joaquin—-Tulare Basins study unit has a
drainage area of 28,500 square miles (mi?) in three
major physiographic provinces of central California:
the Sierra Nevada, the San Joaquin Valley, and the
Coast Ranges (fig. 1). The study unit is divided further
into the San Joaquin Basin to the north and the hydro-
logically closed Tulare Basin to the south. During wet
years, some surface water from the Tulare Basin flows
into the San Joaquin Basin by overflow from the Kings
River to the San Joaquin River (by way of Fresno
Slough). The boundary of the study unit is defined by
the drainage divides of the Sierra Nevada and Coast
Ranges (U.S. Geological Survey, 1978).

The Sierra Nevada attain a maximum altitude of
14,495 feet (ft) at Mount Whitney, the highest point in
the conterminous United States. In contrast, the San
Joaquin Valley is a flat structural basin bounded by the
Sierra Nevada to the east, the Coast Ranges to the west,
the Tehachapi Mountains to the south, and the
Sacramento—San Joaquin Delta to the north. Altitudes
generally range from about 3,000 to 5,000 ft for the
Coast Ranges, about 5,000 to 8,000 ft for the Tehachapi
Mountains, and about 8,000 to 14,000 ft for the Sierra
Nevada. Land-surface altitudes of the valley rise from
near sea level in the north to 1,000 ft above sea level in
the southeast.

The bedrock geology of the Sierra Nevada to the
east of the San Joaquin Valley contrasts sharply with
that of the Coast Ranges to the west. The Sierra Nevada
primarily are composed of pre-Tertiary granitic rock
and are separated from the valley by a foothill belt of
Mesozoic and Paleozoic marine rocks and Mesozoic
metavolcanic rocks along the northern one-third of the
boundary (California Division of Mines and Geology,
1958, 1959, 1964, 1965, 1966, 1967, 1969). The Coast
Ranges have a core of Franciscan complex of Late
Jurassic to Late Cretaceous or Paleocene age and of
ultramafic rocks of Mesozoic age. These rocks are
overlain by marine and continental sediments of
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Approximate concentrations of nitrate, ammonia,
orthophosphate, and total phosphorus are given in
table 3 for dairy runoff, wastewater treatment plant
effluent, tailwater runoff from fertilized fields, and
subsurface agricultural drainage in the lower San
Joaquin River Basin. Dairy runoff and wastewater
treatment plant effluent have high concentrations of
phosphorus and ammonia relative to tailwater and
subsurface drainage. Nitrate concentrations are highest
in subsurface drainage.

The nutrient concentrations shown in table 3 for
wastewater treatment plant effluent in the lower San
Joaquin River Basin represent concentrations measured
in the late 1980s. Since that time, the city of Modesto
wastewater treatment plant improved aeration in their
oxidation ponds and expanded their land application
area. These changes resulted in the improved conver-
sion of ammonia to nitrate and a reduction in phos-
phorus levels. Median ammonia concentrations in the
Modesto discharge prior to 1990 were 10 to 20 mg/L;
in 1994 the median was less than 1 mg/L as N (John
Amstutz, city of Modesto, California, written
commun., 1994). Median ammonia concentrations in
the city of Turlock discharge were 8.2 mg/L as N in
1991. Median nitrate concentrations in the Modesto
discharge increased from 1 to 4 mg/L as N prior to 1990
to about 11 mg/L as N in 1994. Prior to 1989, median
total phosphorus concentrations in the Modesto
discharge were 6 to 12 mg/L; after 1989 they were 1 to
2 mg/L as P. Thus, the recent improvements in waste-
water treatment in the lower San Joaquin River Basin
have resulted in the conversion of ammonia to nitrate
and the reduction of phosphorus in wastewater
treatment plant effluent. However, these improvements

occurred around 1990 and do not affect the nutrient
contributions from wastewater treatment plants during
1951-1990.

SOURCES OF DATA

Compilation of Data

Water quality data for surface water in the study
unit for 1972-1990 were compiled from the National
Water Information System (NWIS) of the USGS and
the STOrage and RETrieval (STORET) database of the
EPA. Additional data were entered into the STORET
database stored on NWIS at the USGS, Sacramento
office. Sources of additional data include DWR data
(1988-1990) that had not been entered into STORET
and suspended sediment data collected by the
CRWQCB, U.S. Soil Conservation Service, and
Merced, Modesto, and Turlock Irrigation Districts
(Westcot and Belden, 1989; U.S. Soil Conservation
Service, 1989).

In addition to nutrients and suspended sediments,
retrieved parameters included streamflow, pH, specific
conductance, dissolved oxygen, total hardness, total
organic carbon, and chlorophyll a. Nutrient parameter
codes changed during the study period due to changes
in laboratory methods or reporting methods (for
example, nitrate as N versus nitrate as NO;), and some
parameter codes were combined for the long-term
analysis of nutrient concentrations. Suspended
sediment codes also were combined to merge the
STORET suspended solids data with the NWIS

Table 3. Approximate nutrient concentrations from major sources in the lower San Joaquin River Basin, California, during the late 1980s

[Nutrient concentrations in milligrams per liter as nitrogen or phosphorus; —, no data]

Source Nitrate Ammonia Orthophosphate Total phosphorus
Dairy runoff! 0.2 247 — 90
Wastewater treatment plant effluent” 3 15 2 4
Tailwater (surface return flow)? 6 0.1 0.2 0.4
Subsurface agricultural drainage* 25 0.2 0.05 0.1

! Average values from unpublished data for dairy pond water in the central valley of California (Harley Davis, California Regional Water
Quality Control Board-Central Valley Region, written commun., 1995).

“Flow-weighted averages of median concentrations from city of Turlock (Central Valley Regional Water Quality Control Board,
unpublished National Pollutant Discharge Elimination System files, 1991) for ammonia (calendar year 1991) and city of Modesto
unpublished monitoring data (John Amstutz, Modesto Public Works Department, written commun., 1994) for all nutrients (water years

1987 and 1989).

3Based on median of monthly average data for Orestimba Creek during 1992 and 1993 irrigation seasons (tailwater with some operational-
spill water) (U.S. Geological Survey unpublished data, 1992 and 1993).

“Based on California Department of Water Resources (1975).
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suspended sediment data. The effect of this
combination is discussed in the section “Quality
Assurance and Quality Control.” For nutrients, the only
combinations of significance were nitrate and total
nitrogen. For orthophosphate, ammonia, total
phosphorus, and total kjeldahl nitrogen, codes with
different reporting methods were merged.

For nitrate and total nitrogen, the combinations
involved substituting different parameters. If dissolved
nitrate values were not available, values for dissolved
nitrate plus nitrite, total nitrate, or total nitrate plus
nitrite were substituted, in that order. Likewise, for the
total nitrate plus nitrite component of total nitrogen,
values for dissolved nitrate plus nitrite, total nitrate, or
dissolved nitrate were substituted, in that order. In most
cases, these substitutions had no significant effect on
results.

Screening of Data

The initial database contained 120 NWIS sites
and 807 STORET sites with nutrient and(or)
suspended sediment data. Most of the STORET sites
were sampled by DWR, BOR, USGS, or the CRWQCB
(table 4). Of the 927 sites, 859 reported nutrient
samples and 413 reported suspended sediment
samples. This initial database included 13,753 nutrient
samples and 9,113 suspended sediment samples.

Several categories of sites were removed from
the initial database to create a final, screened NAWQA
database (tables 4 and 5) that would represent the
ambient surface water conditions in the study unit (in
each subbasin) and at each sampled site. The removed
sites include (1) major water supply canals, (2) small,
individual agricultural drains and evaporation ponds
(larger drainage systems were kept in the database),
(3) wastewater treatment plant effluents and sites just
downstream of effluent discharges, (4) lakes and
reservoirs, (5) urban runoff sites, (6) sites that have
inadequate location description, (7) duplicate sites in
STORET database, and (8) duplicate sites between the
NWIS and STORET databases. In total, 495 sites
containing 8,296 nutrient samples, and 2,896
suspended sediment samples were removed from the
initial database (table 5).

Many water supply canals were removed from
the initial database because the water in these canals
generally does not represent surface runoff from the
study unit, but is water that has been artificially

transported several miles from its source. Mostly DWR
data were removed, including data on several sites
along the California Aqueduct and the Delta—Mendota
Canal (fig. 14), as well as several smaller irrigation-
supply canals. The California Aqueduct and Delta—
Mendota Canal originate in the Sacramento—San
Joaquin Delta, downstream of the study unit.

The BOR and DWR have monitored many
subsurface agricultural drains and evaporation ponds in
the study unit. These sites represent the quality of
shallow ground water in relatively small areas;
therefore, they were deleted from the initial database.
However, several larger drainage systems collect both
surface and subsurface agricultural drainage. This
drainage flows to the San Joaquin River as surface
water and has a major effect on the water quality of the
San Joaquin River; therefore, these systems were
included in the final database. These include the San
Luis Drain, Panoche Drain, Camp 13 Slough, Salt
Slough, and Mud Slough (fig. 10).

Sites dominated by wastewater treatment plant
effluent and by urban runoff were not common in the
initial database. The four USGS urban-runoff sites in
the initial database were sampled frequently for
nutrients and suspended sediment. However, these
urban-runoff sites were removed from the initial
database because their small flows discharge to the
upper San Joaquin River, which generally does not
flow into the lower, perennial San Joaquin River.

Water quality in lakes and reservoirs is difficult
to compare with water quality in streams because of the
effects of water residence time; therefore, lake and
reservoir sites were removed from the database. This
removal greatly reduced the number of DWR, EPA,
and U.S. Army Corps of Engineers (COE) sites and the
number of COE samples in the final database. The
removal of unidentified sites—mostly BOR, EPA,
and California Department of Health Services
sites—reduced the number of nutrient samples.

Some entries in the STORET database were
duplicates, or almost duplicates. If identical sites with
identical data were reported by different agencies, the
original data and collecting agency were kept in the
database and the duplicate data were deleted. This was
common for CRWQCB and DWR data, when identical
sites or almost identical sites with different data were
reported by different agencies. These sites were
combined and assigned to the agency with the most
data (tables 4 and 5); the samples were apportioned
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Table 4. Number of sites and samples for nutrients and suspended sediments in initial and final databases, 19721990, by agency, San
Joaquin-Tulare Basins, California, study unit

Number of sites Number of samples
Agency Database Nutrients Susp'ended Total' Nutrients Susgended
sediment sediment
Bureau of Reclamation Initial 147 10 1438 1,444 11
Final 27 3 28 366 4
California Department of Health Services Initial 49 0 49 161 0
Final 5 0 5 36 0
California Department of Water Resources Initial 362 184 364 8,045 2,300
Final 227 109 227 2,873 995
California Regional Water Quality Control Initial 63 95 112 728 939
Board Final 0 45 45 0 587
Merced Irrigation District Initial 0 5 5 0 24
Final 0 5 5 0 24
Modesto Irrigation District Initial 0 3 3 0 3
Final 0 3 3 0 3
Turlock Irrigation District Initial 0 6 6 0 18
Final 0 6 6 0 18
U.S. Army Corps of Engineers Initial 30 30 30 626 440
Final 8 8 8 345 270
U.S. Environmental Protection Agency Initial 86 1 87 282 6
Final 17 0 17 170 0
U.S. Forest Service Initial 3 0 3 18 0
Final 3 0 3 18 0
U.S. Geological Survey Initial 119 79 120 2,449 5,372
Final 82 56 85 1,649 4316
Total Initial 859 413 927 13,753 9,113
Final 369 235 432 5,457 6,217
ISites with nutrient and(or) suspended sediment data.
among the agencies on the basis of the number of best example of this is the San Joaquin River near

samples. All nutrient data reported by the CRWQCB Vernalis site, which has an abundance of USGS data.
also were entered into STORET by DWR, and these Of the 542 DWR nutrient samples reported for this site,

duplicates were deleted. 224 were duplicates and, therefore, were deleted.
Duplicate sites and data also occur between the The final, screened NAWQA database is
STORET and NWIS databases. During the 1970s, summarized in table 4. This database, discussed in
DWR data often were entered into both the STORET detail in the section “Description of Available Data,”
and NWIS databases by DWR and USGS, respec- contains nutrient and(or) suspended sediment data for

tively. These sites and samples were removed from the 432 sites including 5,457 nutrient samples and 6,217
USGS list of sites and samples in the database. Atsites  suspended sediment samples. The DWR and USGS

sampled by both DWR and USGS, but primarily by collected most of the data in the final database,
USGS, the DWR sites were deleted, and the DWR data  although the CRWQCB contribution of suspended
were combined with the USGS data for the site. The sediment data is significant.
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Table 5. Number of sites and samples removed from initial database, San Joaquin—Tulare Basins, California, study unit

[STORET, STOrage and RETrieval database of the U.S. Environmental Protection Agency; NWIS, National Water Information System of

the U.S. Geological Survey]

Removal category

. Waste-  Lakes U.“ knom_m . Dup.licate
Agency Water  Agricul- water and Urhan _(snes with Du.phc:ate sites
supply tur_al treatment reser-  runoff madeq_uate sitesin  hetween Totals
canals  drains . location ~ STORET NWIS and
plants  voirs descriptions) STORET
Number of sites with nutrient and(or) suspended sediment samples
Bureau of Reclamation 13 73 0 0 0 27 6 1 120
California Department of Health Services 0 0 11 12 0 21 0 0 44
California Department of Water Resources 14 42 5 52 0 5 8 11 137
California Regional Water Quality Control Board 0 0 0 1 0 2 64 0 67
U.S. Army Corps of Engineers 0 0 0 14 0 0 8 0 22
U.S. Environmental Protection Agency 0 0 0 41 0 28 1 0 70
U.S. Geological Survey 2 6 1 3 4 0 0 19 35
Totals 29 121 17 123 4 83 87 31 495
Number of nutrient samples
Bureau of Reclamation 47 791 0 0 0 211 29 0 1,078
California Department of Health Services 0 0 29 60 0 36 0 0 125
California Department of Water Resources 2,106 2,529 22 159 0 5 25 326 5,172
California Regional Water Quality Control Board 0 0 0 0 0 0 728 0 728
U.S. Army Corps of Engineers 0 0 0 281 0 0 0 0 281
U.S. Environmental Protection Agency 0 0 0 41 0 70 1 0 112
U.S. Geological Survey 66 17 13 15 396 0 0 293 800
Totals 2,219 3337 64 556 396 322 783 619 8,296
Number of suspended sediment samples
Bureau of Reclamation 0 5 0 0 0 2 0 0 7
California Department of Health Services 0 0 0 0 0 0 0 0 0
California Department of Water Resources 383 473 11 40 0 0 14 384 1,305
California Regional Water Quality Control Board 0 0 0 1 0 19 332 0 352
U.S. Army Corps of Engineers 0 0 0 170 0 0 0 0 170
U.S. Environmental Protection Agency 0 0 0 0 0 6 0 0 6
U.S. Geological Survey 60 0 0 0 349 0 0 647 1,056
Totals 443 478 11 211 349 27 346 1,031 2,896
ANALYSIS TECHNIQUES sites with data, produce boxplots, analyze trends, and

Statistical software programs used to analyze the
database for this report include PT2, ESTIMATOR,
Statistical Analysis System (SAS), and STATIT. The
PT2 and ESTIMATOR (Cohn and others, 1989)
programs were developed by the Systems Analysis
Branch of the USGS. PT2 is linked with the
ARC/INFO Geographic Information System software,
and results from PT2 can be presented graphically with
a map of an area. The PT2 program was used to show

26

present scatterplots and plots of flow versus
concentration. Two statistical programs—SAS and
STATIT—were used to test whether concentrations at
different sites were significantly different.
ESTIMATOR was used for load calculations.

The trend-analysis program in PT2 performs a
seasonal Kendall test using an alpha level of 5 percent.
To use PT2 for trend analysis at a site, (1) the data must
have spanned most of the period of analysis, and (2) for
a given seasonal frequency, the beginning and ending
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portions of the record must have sufficient data so that
most of the possible number of pairwise comparisons
made in the seasonal Kendall test were present for most
of the seasons (Lanfear and Alexander, 1990). The PT2
program initially tries to run a monthly seasonal
Kendall test. If there are not enough data, it tries a
bimonthly test and finally a quarterly test.

Constituent concentrations commonly are
related to streamflow, and trend tests generally are done
to study changes in concentrations resulting from
effects other than streamflow. Thus, PT2 uses flow
adjustment procedures to remove the effect of stream-
flow variations on concentration trends. PT2 adjusts for
flow with a LOcally WEighted Scatterplot Smoothing
(LOWESS) technique. LOWESS is a robust smoothing
technique that describes the relationship between y and
x without assuming linearity or normality of the
residuals (Helsel and Hirsch, 1992). It describes the
data pattern whose form depends on the smoothing
coefficient. A smoothing coefficient of 0.5 was used for
all LOWESS applications in this study. PT2 requires at
least 25 samples with streamflow values to adjust for
flow. If a trend test cannot be run with flow adjustment,
then a concentration-only test is done.

Version 92.11 of ESTIMATOR was used for this
study; it uses standard output files of streamflow and
constituent concentration from NWIS as input data
files. These data are used to develop a relation between
streamflow and concentration for calculating loads.
The ESTIMATOR program first runs a calibration
period for flows and concentrations (Cohn and others,
1989). Only concentrations with associated stream-
flows (instantaneous or daily mean) are used in the
calibration process. For the load-estimation period,
there must be a streamflow value for every day. The
ESTIMATOR program provides estimated daily,
monthly, or annual loads with standard errors and
standard errors of prediction. Thus, confidence
intervals for the load estimates can be calculated.

The sign test was used to determine if NWIS and
STORET data pairs are significantly different. The sign
test of the STATIT program determines if x is generally
larger (or smaller, or different) than y for data pairs
(x;, ) i=1,...n. It is a fully nonparametric test and may
be used regardless of the distribution of the differences
(Helsel and Hirsch, 1992).

In these calculations, Tukey’s test was used to
determine if nutrient and suspended sediment
concentrations are significantly different at different
sites. Tukey’s test of the SAS statistical program was

run on the ranks of the concentration data. This
provides a nonparametric multiple comparison of the
medians of the ranks (Helsel and Hirsch, 1992).

QUALITY ASSURANCE AND QUALITY CONTROL

Quality assurance (QA) and quality control (QC)
programs of the DWR, BOR, and USGS were
evaluated. Evaluations include methods of field
collection, laboratory analysis, and reporting of the
data. Following the evaluations of QA/QC programs,
the potential biases introduced by different field and
laboratory methods are evaluated as they relate to the
results of data analyses presented in this report.

The DWR began a comprehensive QA/QC
program in 1988 (California Department of Water
Resources, 1994b). This program had little impact on
the DWR data collected and analyzed during the study
period of this report (1972-1990). All surface water
samples collected by DWR during the study period
were grab samples. These samples were collected from
only one point in the stream cross-section, whereas
width- and depth-integrated samples were collected
from throughout the stream cross-section. Most DWR
samples were analyzed at the DWR Bryte laboratory,
although other contract labs were used on occasion.
Although the Bryte laboratory currently has a QA/QC
program (California Department of Water Resources,
1994c¢), it is difficult to evaluate the QA/QC procedures
that existed for most of the study period. DWR data
collected prior to 1988 were obtained through
STORET. DWR data collected after 1988 were not in
STORET but were obtained directly from DWR by
computer tape.

Prior to 1984, the BOR Sacramento office did
not have a comprehensive QA/QC program. All surface
water samples collected by BOR were grab samples.
USGS review of nutrient analyses by the BOR
Sacramento laboratory (M.O. Fretwell, M.J. Fishman,
and R.T. Iwatsubo, U.S. Geological Survey, written
commun., 1984) found that organic nitrogen and
phosphorus were digested by nonstandard procedures.
As a result, the reported results for total nitrogen and
total phosphorus were likely to be biased low.

After 1984, the BOR Sacramento office
collected primarily width- and depth-integrated
samples for surface water (Bureau of Reclamation,
1993). The improvements recommended by the USGS
review resulted in a QA/QC program that included
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better documentation of methods, better chain-of-
custody records for samples, and 25 percent of the total
samples were collected for QC. The QC samples
included 10 percent duplicates, 10 percent spikes, and
5 percent blanks. Thus, BOR data since 1984 should be
directly comparable to USGS data. BOR data for the
entire study period were retrieved from STORET.

Details on the general QA/QC program of the
USGS are given by Fishman and Friedman (1989),
Friedman and Fishman (1989), and Peart and Thomas
(1983). Most USGS surface water samples are width
and depth integrated. Most USGS data evaluated in this
study were analyzed at the National Water Quality
Laboratory (NWQL) in Denver and were entered into
both NWIS and STORET. During the study period, the
QA/QC program of the NWQL included chain-of-
custody records for samples, documentation of
methods, and at least 15 percent QC samples.

Despite the attention to QA/QC, there were
analytical problems for USGS nutrient analyses during
the study period. From 1973 until May 1990, the
digestion step of the phosphorus method at the NWQL
was incomplete for samples with high concentrations
of suspended sediment (D.A. Rickert, Office of Water
Quality, U.S. Geological Survey, written commun.,
1992), and the reported values for orthophosphate and
total phosphorus probably are biased low. A study of
QA records for the NWQL for total and dissolved
phosphorus, ammonia, and Kjeldahl nitrogen indicated
an apparent positive bias (consistently high readings
compared to standards) for water years 1980 and 1981
(Alexander and others, 1993). This positive bias affects
the reported values of orthophosphate, total phos-
phorus, ammonia, and total nitrogen. However, a com-
parison of methods used by USGS for nutrient analyses
during 1965-1982 showed no significant differences
among the methods (Friedman and Fishman, 1989).

Historical data from STORET could be biased
due to the preponderance of grab samples. For reason-
ably well-mixed streams, a grab sample usually is
sufficient for dissolved species (M.O. Fretwell and R.T.
Iwatsubo, U.S. Geological Survey, written commun.,
1984; Martin and others, 1992). However, grab sam-
ples are usually biased low for suspended sediment and
the particulate (suspended) fraction of nutrient species.
This bias would be expected with all non-USGS data,
except for BOR data collected after 1984.

To evaluate the effects of different field and
laboratory methods, NWIS and STORET da:a were
compared for nitrate, ammonia, total nitrogen, ortho-~
phosphate, total phosphorus, and suspended sediment

at the San Joaquin River near Vernalis site (fig. 16).
These comparisons include only data collected within
one day of each other. This is the only site in the study
area with the overlapping NWIS and STORET data
needed for this comparison. The NWIS and STORET
data for the nutrient species are not significantly
different (at the 95-percent confidence level) on the
basis of the nonparametric sign test. The NWIS
suspended sediment values are significantly greater
(p<0.0001) than the STORET suspended solids values
and the median difference between the NWIS and
STORET values at Vernalis was 24 mg/L.. However, for
this report, the term “suspended sediment” will be used
to include suspended solids.

Biases in the NAWQA database primarily affect
use of the data for trend analyses and load calculations.
However, the bias affects boxplots of suspended sedi-
ment concentrations. The high bias in USGS data for
orthophosphate, total phosphorus, ammonia, and total
nitrogen during water years 1980 and 1981 was
avoided in trend analysis. The mixing of NWIS and
STORET data for trend analysis of suspended
sediment concentrations could lead to inappropriate
trend conclusions. Load calculations of total
phosphorus using either NWIS or STORET data
should be considered as minimum estimates. Load
calculations and boxplots for suspended sediments
using primarily STORET data also should be
considered as minimum estimates.

DESCRIPTION OF AVAILABLE DATA

Timing and Location of Sampling

Prior to screening, nutrient and(or) suspended
sediment data were available for 927 sites in the study
unit. The removal of duplicate sites, individual
subsurface agricultural drains, treatment plant
effluents, water supply systems, lakes, urban runoff
sites, and unidentified sites reduced this to 432 sites in
the final NAWQA database. Of these sites, 369 had at
least one sample analyzed for nutrients between 1972
and 1990, and 235 had at least one sample analyzed for
suspended sediment (fig. 17). Data analysis in this
report is limited to 49 long-term water quality
monitoring sites (fig. 18, table 6). These sites are
relatively current (sampled since 1985), and either have
30 or more nutrient or suspended sediment samples or
have special spatial importance. Several of these sites
in the lower San Joaquin River Basin were primarily
sampled during 1985-1988 as part of either a USGS
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Figure 16. Comparison of nutrient and suspended-sediment data from the National Water Information System (NWIS) of the U.S. Geological
Survey and the STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency for San Joaguin River near Vernalis,
California, 1972-1990. The null hypothesis is that the median of NWIS data equals the median of STORET data.
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Figure 16. Continued.
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin—Tulare Basins, California, study unit

[Site ID: unique number for each site. Fifteen digit numbers are based on the geographic location of the site, beginning with the latitude and
longitude. Eight digit numbers refer to frequently sampled sites along a major stream; the number is assigned in downstream order.
Acronyms: BOR, Bureau of Reclamation; COE, U.S. Army Corps of Engineers; CRWQCB, California Regional Water Quality Control
Board, Central Valley Region; DWR, California Department of Water Resources; USGS, U.S. Geological Survey; ft, foot; mi, mile; miZ,
square mile. See figs. 6, 15 and 18]

- . . Altitude Drainage Environmental Maijor land use’ (Anderson Collecting
Site No. Site name (site D) ()  area(mi?) setting Level ) agency?
Tulare Basin
1 Kern River at Kernville (11187000) 2,622 1,027 Sierra Nevada Forest—evergreen USGS, DWR
2 Kern River below Isabella Dam 2,435 2,074  Sierra Nevada/reservoirs  Forest—evergreen DWR, COE
(353830118284801)
3 Kermn River near Bakersfield 581 2,406 Sierra Nevada/reservoirs Forest—evergreen DWR
(352636118513001)
4 Kings River below North Fork, near 942 1,342  Sierra Nevada Forest—evergreen USGS, DWR,
Trimmer (11218500) COE
5 Kings River below Pine Flat Dam 557 1,545 Sierra Nevada/reservoirs  Forest—evergreen DWR, COE
(364948119200601)
6 Kings River below Peoples Weir 279 1,742 San Joaquin Valley, east  Agriculture—orchards DWR, USGS
(362912119321201) side/alluvial and vineyards
7 Tule River near Springville 680 247  Sierra Nevada Forest—evergreen DWR, COE
(360542118501201)
8 Tule River below Success Dam 536 393 Sierra Nevada/reservoirs  Forest—evergreen DWR, COE,
(360324118552401) USGS
9 Kaweah River at Three Rivers 810 418  Sierra Nevada Forest—evergreen DWR, COE
(362636118540601)
10 Kaweah River below Terminus Dam 495 561 Sierra Nevada/reservoirs  Forest—evergreen DWR, USGS
(362448119004201)
San Joaquin Basin
11 San Joaquin River south fork at Mono Hot 6,949 184 Sierra Nevada Forest—evergreen DWR, USGS
Springs (371830118574201)
12 San Joaquin River below Kerckhoff 564 1,480 Sierra Nevada Forest—evergreen DWR, USGS
Powerhouse (370445119333601)
13 San Joaquin River below Friant Dam 295 1,676  Sierra Nevada/reservoirs  Forest—evergreen DWR
(365900119432401)
14 San Joaquin River near Mendota 150 A 3 Agriculture—cropland DWR, USGS
(364836120223601) and pasture
15 Fresno River below Hidden Dam 384 258 Sierra Nevada/reservoirs Forest—evergreen DWR, COE
(370548119532401)
16 San Joaquin River near Stevinson 63 4818  San Joaquin River Agriculture—cropland USGS, DWR,
(11260815) integrator site and pasture BOR
17 Panoche Drain near Dos Palos 141 566  San Joaquin Valley, west ~ Agriculture—cropland DWR
(365524120411802) side/alluvial and pasture
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaguin—Tulare Basins, California, study
unit—Continued

. . . Altitude Drainage Environmental Major land use' (Anderson Collecting
SiteNo. Site name (site ID) (ft) area (mi2) setting Level II) agency?
18 Camp 13 Slough near Oro Loma 131 69  San Joaquin Valley, west ~ Agriculture—cropland DWR
(365630120451802) side/alluvial and pasture
19  Salt Slough near Stevinson (11261100) 65 7473  San Joaquin Valley, west ~ Agriculture—cropland USGS, DWR,
side/alluvial and pasture BOR
20 San Joaquin River at Fremont Ford Bridge 56  “*1,329 San Joaquin River Agriculture—cropland DWR, USGS,
(371836120554204) integrator site and pasture BOR
21 Mud Slough near Gustine (11262900) 72 7473 San Joaquin Valley, west ~ Agriculture—cropland USGS, BOR
side/alluvial and pasture
22 Merced River at Happy Isles Bridge 4,020 181 Sierra Nevada Forest—evergreen USGS, DWR
(11264500)
23 Merced River near Briceburg (11268200) 1,194 691 Sierra Nevada Forest—evergreen USGS, DWR
24 Merced River below Merced Falls 310 1,062 Sierra Nevada/reservoirs  Forest—evergreen DWR, USGS
(373115120195501)
25 Merced River at Milliken Bridge 63 1,362 SanJoaquin Valley, east ~ Agriculture—orchards DWR, USGS
(372142120510001) side integrator site and vineyards
26 Merced River near Stevinson (11272500) 55 1,394 San Joaquin Valley, east ~ Agriculture—orchards USGS
side integrator site and vineyards
27 San Joaquin River near Newman 49 3,329 San Joaquin River Agriculture—cropland USGS
(11274000) integrator site and pasture
28 Orestimba Creek at Highway 33 105 87 San Joaquin Valley, west ~ Agriculture—cropland DWR, USGS
(372236121032401) side/alluvial and pasture
29 Orestimba Creek at River Road 50 811 San Joaquin Valley, west  Agriculture—cropland CRWQCB
(372520121000901) side/alluvial and pasture
30 Spanish Grant Combined Drain 45 822 San Joaquin Valley, west  Agriculture—cropland CRWQCB
(372608121015901) side/alluvial and pasture
31 San Joaquin River near Patterson 35 43,736 San Joaquin River Agriculture—cropland USGS, DWR
(11274570) integrator site and pasture
32 Olive Avenue Drain (373027121051501) 40 8 San Joaquin Valley, west  Agriculture—orchards CRWQCB
side/alluvial and vineyards
33 Del Puerto Creek at Vineyard Road 88 88 San Joaquin Valley, west ~ Agriculture—orchards CRWQCB
(373220121072201) side/alluvial and vineyards
34 San Joaquin River near Grayson 25  “4,035 San Joaquin River Agriculture—cropland DWR
(373348121090601) integrator site and pasture
35 Grayson Road Drain (373343121102701) 40 4 San Joaquin Valley, west ~ Agriculture—cropland CRWQCB
side/alluvial and pasture
36 Tuolumne River at Tuolumne Meadows 8,700 75 Sierra Nevada Forest—evergreen DWR
(375242120173601)
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare Basins, California, study
unit—Continued

Altitude Drainage

Environmental

Major land use' {Anderson

Collecting

SiteNo. Site name {site ID) (ft) area (mi?) setting Level ll) agency?

37 Tuolumne River at LaGrange Bridge 170 1,542 Sierra Nevada/reservoirs Forest—evergreen DWR, USGS
(374000120274201)

38 Tuolumne River at Modesto (11290000) 40 1,842 San Joaquin Valley, east ~ Agriculture—orchards USGS

side integrator site and vineyards

39 Tuolumne River at Tuolumne City 28 1.862 San Joaquin Valley, east ~ Agriculture—orchards DWR, USGS
(373612121080001) side integrator site and vineyards

40 Ingram Creek at River Road 52 811 San Joaquin Valley, west  Agriculture—cropland CRWQCB
(373601121132701) side/alluvial and pasture

41 Hospital Creek at River Road 49 85 San Joaquin Valley, west ~ Agriculture—cropland CRWQCB
(373638121134301) side/alluvial and pasture

42 San Joaquin River at Maze Road 17 46,089 SanJoaquin River Agriculture—cropland USGS, DWR
(11290500) integrator site and pasture

43 Stanislaus River Middle Fork at Dardanelle 6,326 48 Sierra Nevada Forest—evergreen DWR, USGS
(382030119492401)

44 Stanislaus River below Goodwin Dam 253 984 Sierra Nevada/reservoirs Forest—evergreen DWR
(375106120381201)

45 Stanislaus River at Ripon (113030000) 40 [,111 San Joaquin Valley, east ~ Agriculture—orchards USGS

side integrator site and vineyards

46 Stanislaus River at Koetitz Ranch 25 1,144 San Joaquin Valley, east ~ Agriculture—orchards DWR, USGS
(374200121101201) side integrator site and vineyards

47 San Joaquin River near Vernalis 13 *7,345 SanJoaquin River Agriculture—cropland USGS, DWR
(11303500) integrator site and pasture

48 Mokelumne River near Mokelumne Hill 585 544  Sierra Nevada Forest—evergreen DWR
(381846120430901)

49 Mokelumne River at Woodbridge 15 657 San Joaquin Valley, east ~ Agriculture—orchards USGS, DWR

(11325500)

side integrator site

and vineyards

! This is the major land use affecting water quality at the site (for example, at site 25, more than 1,000 of the 1,362 mi’ drainage area is
forest land, but the major land use affecting water quality is agriculture) (Anderson and others, 1976).
2 Listed in order of importance (number of samples). If USGS is listed first, the site is shown as NWIS site in figure 18. Other sites are

shown as STORET sites.

3 Most water at this site has been transported from the Sacramento—San Joaquin Delta, more than 100 mi to the north, through the Delta—
Mendota Canal.

* The perennial stretch of the San Joaquin River begins with the inflow from Bear Creek just upstream of the Stevinson site. The drainage
area for the San Joaquin River near Stevinson site is the area drained by Bear Creek. Downstream San Joaquin River sites are adjusted
accordingly.

5 Area of the Panoche Drainage District.

6 Area of the Pacheco Water District.

7 Area of the combined Salt Slough and Mud Slough drainages, which are interconnected. Drainage can go either way.

8 Drainage area in the valley only. The Coast Ranges usually do not contribute to flows at these sites, especially during the irrigation
season, and are not included.
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study (nutrients and suspended sediment) or a joint
CRWQCB-U.S. Soil Conservation Service study
(suspended sediment).

The final NAWQA database includes 5,457
nutrient values (70 percent from STORET) and 6,217
suspended sediment values (69 percent from NWIS).
The San Joaquin River near Vernalis (site no. 47,
fig. 18) is the outlet site for the San Joaquin Basin and,
as a USGS National Stream Quality Accounting
Network (NASQAN) site, has been sampled
frequently. It is a combined NWIS and STORET site,
but because of its wealth of NWIS suspended sediment
data is considered to be a NWIS site for this report. At
the Vernalis site, 558 nutrient samples (43 percent from
NWIS) and 3,518 suspended sediment samples
(91 percent from NWIS) were taken at the Vernalis site
during 1972-1990. Without the Vernalis site, the
STORET database accounts for 71 percent of the
nutrient samples and 59 percent of the suspended
sediment samples.

At the 49 long-term sites (fig. 18), 3,397 samples
were analyzed for nutrients (60 percent from
STORET) and 5,089 samples for suspended sediments
(81 percent from NWIS). Excluding samples from the
San Joaquin River near Vernalis site, these percentages
change (61 percent STORET samples for nutrients and
58 percent NWIS samples for suspended sediment).

The 369 sites with nutrient data are shown in
figure 19 as either NWIS or STORET sites. Sites with
data from both are given the symbol of the dominant
data source (for example, NWIS for the San Joaquin
River near Vernalis site). The 287 STORET sites
increase the spatial coverage of the 82 NWIS sites,
particularly in the Sierra Nevada and Coast Ranges
environmental settings. Distribution of the 369 nutrient
sites and 5,457 nutrient samples is shown in figure 20
by environmental setting. These correspond to those
shown in figures 15 and 16, with the addition of a
Sierra Nevada reservoirs subcategory and a mainstem
San Joaquin River category. The reservoirs
subcategory includes sites in the Sierra Nevada
foothills just downstream from major reservoirs. The
San Joaquin River sites integrate the valley east side
and west side environmental settings. The Sierra
Nevada, including the Sierra Nevada reservoirs
category from both basins, accounts for 50 percent of
the nutrient sites and 37 percent of the nutrient
samples, and the San Joaquin River sites between
Mendota Pool (site 14, fig. 18) and Vernalis (site 47)
account for 6 percent of the sites and 21 percent of the
samples. Alluvial fans in the valley portion of the San

Joaquin Basin (fig. 15) account for 22 percent of the
sites and 24 percent of the samples.

The 235 sites with suspended sediment data are
shown in figure 21. The 179 STORET sites improve the
spatial coverage provided by the 56 NWIS sites,
particularly in the Sierra Nevada part of the Tulare
Basin. The distribution of the 235 sites and 6,217
samples is shown in figure 22 by environmental
setting. Only 9 percent of the sites, but 62 percent of the
samples, are from the San Joaquin River (3,518
suspended sediment samples were from the Vernalis
site). Approximately 34 percent of the sites and 13
percent of the samples are from the Sierra Nevada
(including the Sierra Nevada reservoirs category).
Alluvial fans in the San Joaquin Basin account for 34
percent of the sites and 19 percent of the samples.

The 34 long-term STORET sites (fig. 18)
improve the spatial coverage provided by the 15 NWIS
sites, particularly in the Sierra Nevada portion of the
Tulare Basin and along the upper San Joaquin River.
The environmental setting distribution of nutrient and
suspended sediment samples at the 49 long-term sites
is shown in figure 23. The San Joaquin River sites
account for 16 percent of the sites, 33 percent of the
nutrient samples, and 75 percent of the suspended
sediment samples. The alluvial fans in the San Joaquin
Basin account for 39 percent of the sites, 28 percent of
the nutrient samples, and 14 percent of the suspended
sediment samples. The Sierra Nevada and Sierra
Nevada reservoirs account for 22 percent of the sites,
23 percent of the nutrient samples, and 8 percent of the
suspended sediment samples.

The percentage of samples collected during the
irrigation season at the long-term sites in the
agriculture-dominated valley environmental setting is
shown in figure 24. Although irrigation in the study
unit generally begins in March, there frequently are
significant storms in March. Thus, the period when
water quality in the study unit is primarily affected by
irrigation return flows is defined as April through
September (50 percent of the year). There generally is
not much difference in the sampling frequency
between irrigation and nonirrigation seasons, except
for suspended sediment in the west side alluvial fans of
the San Joaquin Basin. Most suspended sediment
sampling by the CRWQCB and local water districts
was done during the summer months. Therefore, most
suspended sediment data are from this period, and the
data are biased.
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(site 27) and Patterson (site 31) that is not shown in

figures 29D and E, probably due to discharges from the
Turlock wastewater treatment plant and dairies.

tions in the mainstem San Joaquin River (fig. 29F) also
is similar to nitrogen concentrations. One difference is

The pattern of suspended sediment concentra-

that dilution from east side tributaries does not lower
the river concentrations between Patterson and Maze

Road (sites 31 and 42, fig. 18), and only slightly lowers

the concentrations from Maze Road to Vernalis (sites

42 and 47). This is due to high suspended sediment

concentrations in several agricultural discharges that
enter the river from the west side. The seven largest

west side drains from Newman (site 27) to Vernalis
(sites 29, 30, 32, 33, 35, 40, and 41, fig. 18) are shown
in relation to mainstem sites in figure 29F. The median
suspended sediment concentrations in these seven west
side agricultural discharges range from 134 to 790

mg/L, compared with San Joaquin River concentra-

tions of 78 to 100 mg/L in this area. The locations of

other agricultural discharges are shown in figure 13.

Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Site Nitrogen,  Phosphorus, Ph_o sphorus, Carbon, Sediment, .
dissolved, . Sediment,
No. . total, total, organic, Chlorophyll  suspended
. Site name orthophos- suspended
(fig. asN asP phate total a (ug/L) (percent (mg/L)
18) {(mg/L) (mg/L) as P (mg/L) (mg/L) <0.062 mm)
1 Kern River at Kernville 0.26 0.02 0.01 20 — 60 5
105 110 68 17 — 52 111
2 Kern River below Isabella Dam 0.70 0.04 0.02 — — — 1
7 21 36 — — — 22
3 Kern River near Bakersfield 0.34 0.04 0.02 32 — — 6
29 43 39 12 — — 14
4 Kings River below North Fork, near 0.35 0.01 0.01 1.7 — 61 2
Trimmer 85 107 84 19 — 51 95
5 Kings River below Pine Flat Dam — — 0.01 — — — 1
— — 19 — — — 26
6 Kings River below Peoples Weir 0.39 0.04 0.02 25 — — 5
33 49 39 11 — — 12
7 Tule River near Springville 0.31 0.03 0.02 — — — 3
7 9 24 — — — 22
8 Tule River below Success Dam — 0.04 0.02 — — — 6
— 21 34 — — — 39
9 Kaweah River at Three Rivers 0.28 0.02 0.01 — — — 4
9 11 19 — — — 19
10 Kaweah River below Terminus Dam 0.41 0.02 0.01 — — — —
17 31 14 — — — —
11 San Joaquin River south fork at 0.11 0.01 0.01 1.2 — — —
Mono Hot Springs 25 24 14 — — —
12 San Joaquin River below Kerckhoff 0.19 0.01 0.01 1.5 — — 2
Powerhouse 39 44 25 12 — — 11
13 San Joaquin River below Friant 0.32 0.05 0.03 — — — 6
Dam 11 26 24 — — — 7

Description of Constituent Concentrations by Environmental Setting
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit—Continued

Site Specif 0 n Hardness, Nitrate, :I:;::g'::, Nitrogen,
No. . pectic _ygen, total, dissolved,  2"oM®  Kieldahl,
Site name conductance pH dissolved dissolved,
{fig. (uS/em) (ma/L) as CaC0; asN asN total, as N
18) (mg/L) (mg/L) (mg/L) (mg/L)
14 San Joaquin River near Mendota 492 7.7 9.7 110 0.52 0.01 0.50
58 72 68 58 50 10 28
15 Fresno River below Hidden Dam 155 7.3 9.2 40 0.14 0.06 —
22 24 21 33 30 9 —
16 San Joaquin River near Stevinson 590 8.0 9.0 130 0.20 0.05 1.2
92 109 72 68 97 52 70
17 Panoche Drain near Dos Palos 3.300 7.9 — 800 19.2 0.26 1.3
73 95 — 62 75 11 23
18 Camp 13 Slough near Oro Loma 3,080 79 — 760 12.7 0.06 1.0
71 85 — 52 71 22 32
19 Salt Slough near Stevinson 1,750 7.7 7.6 380 2.9 0.12 1.3
191 228 191 146 148 81 104
20 San Joaquin River at Fremont Ford 1,370 7.8 8.7 290 1.3 0.07 1.2
Bridge 188 233 200 137 161 75 115
21 Mud Slough near Gustine 2,550 8.1 9.0 520 22 0.09 L5
136 133 87 95 108 81 95
22 Merced River at Happy Isles Bridge 21 6.8 10.7 6 <0.10 0.03 0.20
170 172 151 167 152 66 113
23 Merced River near Briceberg 43 72 104 13 <0.10 - 0.14
58 59 40 25 34 — 25
24 Merced River below Merced Falls 47 7.1 10.2 16 <0.10 — 0.11
28 33 26 28 28 — 8
25 Merced River at Milliken Bridge 143 7.2 8.9 46 0.84 0.04 0.30
81 142 142 46 93 35 73
26 Merced River near Stevinson 189 7.6 8.4 56 1.3 0.04 0.50
60 60 56 57 57 53 57
27 San Joaquin River near Newman 1.190 8.0 9.2 240 2.0 0.08 1.0
57 57 31 55 54 54 53
28 Orestimba Creek at Highway 33 627 8.1 9.3 190 1.5 — —
34 58 54 14 16 — —
29 Orestimba Creek at River Road — — — — — — —
30 Spanish Grant Combined Drain — — — — — — —
31 San Joaquin River near Patterson 1.210 7.8 8.4 260 2.1 0.22 1.2
101 131 127 80 81 51 65
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit—Continued

Site Nitrogen,  Phosphorus, Ph.usphorus, Carbon, Sediment, .
dissolved, . Sediment,
No. . total, total, organic, Chlorophyll  suspended
Site name orthophos- suspended
(fig. asN asP phate total a (ng/L) (percent (mg/L)
18) (mg/L) (mg/L) as P (mg/L) (mg/L) <0.062 mm)
14 San Joaquin River near Mendota 0.95 0.15 0.08 4.8 — — 51
28 42 42 14 — — 18
15 Fresno River below Hidden Dam — 0.08 0.04 — — — 6
— 9 14 — — — 13
16 San Joaquin River near Stevinson 1.4 0.28 0.13 8.0 14 91 48
70 86 81 40 41 45 49
17 Panoche Drain near Dos Palos 19.6 0.25 0.05 8.8 — — 136
23 43 27 22 — — 43
18 Camp 13 Slough near Oro Loma 10.7 0.19 0.04 7.5 — — 117
32 50 34 30 — — 38
19 Salt Slough near Stevinson 44 0.27 0.11 8.9 7.8 95 144
104 119 118 71 43 50 66
20 San Joaquin River at Fremont Ford 2.6 0.28 0.11 8.1 11 94 95
Bridge 115 130 126 60 49 46 88
21 Mud Slough near Gustine 4.2 0.29 0.13 11 9.2 97 130
94 97 91 67 43 51 51
22 Merced River at Happy Isles Bridge 0.25 0.01 0.01 2.1 — 51 2
116 150 74 33 — 29 91
23 Merced River near Briceberg 0.16 0.02 0.01 1.6 — — 2
25 34 29 7 — — 7
24 Merced River below Merced Falls 0.18 0.01 0.01 — — — —
8 21 14 — — — —
25 Merced River at Milliken Bridge 1.0 0.06 0.03 — — — 10
73 84 84 — — — 27
26 Merced River near Stevinson 1.9 0.08 0.05 29 1.4 84 21
57 57 57 42 51 45 50
27 San Joaquin River near Newman 3.1 0.26 0.13 6.8 9.7 91 103
53 54 55 41 50 45 45
28 Orestimba Creek at Highway 33 — 0.20 0.08 — — — —
— 15 14 — — — —
29 Orestimba Creek at River Road — — — — — — 261
— — — — — — 24
30 Spanish Grant Combined Drain — — — — — — 154
— — — — — - 15
31 SanJoaquin River near Patterson 34 0.38 0.21 74 11 97 79
65 79 79 42 49 47 53
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Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Site Specifi 0 n Hardness, Nitrate, NI::::':: Nitrogen,
No. . pectic - xvgen. total, dissolved, O " Kjeldahl,
Site name conductance pH dissolved dissolved,
(fig. (uS/cm) (mg/L) as CaCO0; asN asN total, as N
18} (mg/L) (mg/L) (mg/L) (mg/L)
32 Olive Avenue Drain — — — — — — —
33 Del Puerto Creek at Vineyard Road — — — — — — —
34 San Joaquin River near Grayson 1,020 7.7 84 220 2.0 — 1.5
53 85 82 31 32 — 13
35 Grayson Road Drain — — — — — — —
36 Tuolumne River at Tuolumne — 7.3 9.2 5 <0.10 — 0.10
Meadows — 6 34 28 30 — 26
37 Tuolumne River at LaGrange Bridge 42 7.0 10.2 18 <0.10 — 0.10
44 81 77 43 74 — 50
38 Tuolumne River at Modesto 171 7.5 10.0 53 0.60 0.05 0.50
51 51 49 50 50 50 50
39 Tuolumne River at Tuolumne City 269 7.3 9.3 75 0.76 0.02 0.32
69 127 127 50 77 19 53
40 Ingram Creek at River Road — — — — — — —
41 Hospital Creek at River Road — — — — — — —
42 San Joaquin River at Maze Road 878 7.8 8.4 190 1.8 0.13 1.3
106 139 136 84 88 55 69
43 Stanislaus River Middle Fork at 44 7.3 9.7 18 <0.10 — 0.10
Dardanelle 35 46 42 33 28 — 30
44  Stanislaus River below Goodwin — 7.4 10.8 28 <0.10 — 0.20
Dam — 12 35 32 37 —
45 Stanislaus River at Ripon 91 7.6 9.6 37 0.25 0.03 0.40
51 51 50 50 50 50 50
46 Stanislaus River at Koetitz Ranch 113 74 9.5 53 0.49 0.03 0.34
75 119 119 57 71 21 46
47 San Joaquin River near Vernalis 679 7.7 8.7 150 1.2 0.07 0.88
431 555 551 233 558 352 502
48 Mokelumne River near Mokelumne 35 7.3 10.6 12 <0.10 - 0.11
Hill 41 44 44 41 25 o 31
49 Mokelumne River at Woodbridge 47 7.2 10.0 17 0.10 0.03 0.30
186 188 152 115 132 54 125
52 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1930
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flow comes from the Merced River, diluting flows from
the sloughs that are dominated by agricultural
drainage.

At the Vernalis site (site 47), the relation is more
complex (fig. 31H). For flows greater than about
1,000 ft/s, the common inverse relation holds.
Increases in streamflow above 1,000 ft*/s generally
come from the east side tributaries, which have low
nitrate concentrations. At flows less than 1,000 ft*/s,
concentrations increase with streamflow due to two
factors: (1) water quality at Vernalis is maintained by
releases of water with low nutrient concentrations from
the New Melones Reservoir on the Stanislaus River
(site 24, fig. 6; table 1) to meet water quality criteria for
specific conductance, and (2) major diversions from
the San Joaquin River upstream of the Tuolumne River
remove most of the river flow during low-flow periods
leaving primarily water from the Tuolumne and
Stanislaus Rivers (Kratzer and Grober, 1991). Both
factors reduce the effect of west side agricultural
drainage at Vernalis.

Total phosphorus concentrations in unmanaged
streams usually are fairly constant or increase slightly
with increasing streamflow, depending on the amount
of total phosphorus attached to suspended sediment. In
general, the relation between total phosphorus and
streamflow at the eight representative sites (fig. 32) was
similar to the relation for nitrate. The main difference
is the steepness of the curves for Mud Slough (figs. 31F
and 32F) and the San Joaquin River sites (figs. 31 D
and H; figs. 32 D and H). Unlike nitrate, total
phosphorus concentrations in subsurface agricultural
drains are low, and the curves are less steep because of
relatively lower concentrations of total phosphorus in
west side agricultural discharges.

Suspended sediment concentrations in streams
typically increase with streamflow, as higher stream
velocities dislodge bottom materials and are capable of
suspending larger-size sediment (fig. 33). This is
shown at the Sierra Nevada sites on the Kings and
Merced Rivers (figs. 33A and B). The higher concen-
trations on the Kings River appear to be primarily due
to higher streamflows, because the concentration at
both sites increases at streamflows above 1,000 ft3/s.
The relation at the third Sierra Nevada site (Tule River
below Success Dam [site 8], fig. 33E) is affected by the
reservoir just upstream of the site, because suspended
sediment settles in the reservoir and alters the typical
relation.

All suspended sediment samples at the valley
west side site (Mud Slough near Gustine [site 21]; fig.
33F) and one valley east side site (Tuolumne River at
Modesto [site 38]; fig. 33C) were collected during
1985-1988. This was primarily a period of low
streamflow except during spring 1986, when high
streamflows produced higher suspended sediment
concentrations. The other valley east side site
(Mokelumne River at Woodbridge [site 49]; fig. 33G)
displayed a rapid increase in suspended sediment
concentration at streamflows greater than 1,000 ft3/s.

The relation between suspended sediment and
streamflows at the two San Joaquin River sites (near
Newman [site 27] and near Vernalis [site 47]) is not
typical (figs. 33D and H). Higher streamflows at these
sites usually indicate more highly concentrated inflows
from the west side and more diluting streamflows from
east side tributaries. Because the east side tributaries
contribute more streamflow, the overall effect on San
Joaquin River suspended sediment concentrations is a
slight decrease in concentration with increasing
streamflow.

LOAD ESTIMATES

Annual Stream Loads

Annual stream loads were estimated using
ESTIMATOR (version 92.11). The program requires
daily flow records and enough water quality data to
develop a quantitative relation between flows and
constituent concentrations. The standard error of the
estimated load is calculated to evaluate the accuracy of
the estimate. In this study, estimates with a standard
error of less than 30 percent were accepted as
reasonable. For standard error between 30 and 50
percent, the estimates are marked as questionable;
estimates with standard error greater than 50 percent
are not reported. The standard error of prediction
allows the calculation of a 95-percent confidence
interval for the load estimates.

The water quality data used to calculate loads at
several sites were collected during USGS studies on
the San Joaquin River during 1986-1988. Reasonable
load estimates are reported for 23 sites in the study unit
for nitrate, 15 sites for total nitrogen, 20 sites for total
phosphorus, and 14 sites for suspended sediment
(table 9). The water quality data for 14 of the sites for
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986-1988

[ft%/s, cubic foot per second; ton/yr, ton per year; —, no data]

. Load,
Site no. si Water Mean daily Load Standard ?rror of 95—percent
ite name streamflow load estimate A
{fig. 18) year {ton/yr) confidence interval
(fe/s) (percent)
{ton/yr)
NITRATE
Lower San Joaquin River Basin
16  San Joaquin River near Stevinson 1986 1,824 231 26 108 — 354
1987 70.6 34 18 20— 47
1988 27.5 12 22 6.3-18
19  Salt Slough near Stevinson 1986 272.7 860 7.2 731 -989
1987 265.3 1,155 5.7 1,012 -1,298
1988 264.5 1,393 6.3 1,207 - 1,579
20  SanJoaquin River at Fremont Ford Bridge 1986 2,273 954 8.8 782 -1,126
1987 342.6 1.059 8.5 875 1,243
1988 288.8 1,270 8.9 1,039 - 1,501
21 Mud Slough near Gustine 1986 119.6 11,048 36 210- 1,886
1987 57.7 324 28 116 - 532
1988 53.0 1335 34 78 — 592
26  Merced River near Stevinson 1986 860.9 372 4.8 335 -409
1987 219.8 300 4.2 273 -327
1988 152.2 219 6.5 190 — 248
27  San Joaquin River near Newman 1986 3.294 2,012 5.7 1,776 — 2,248
1987 673.1 1,521 6.6 1,317 - 1.725
1988 546.9 1,587 7.5 1,347 - 1,827
31  San Joaquin River near Patterson 1986 3,697 2,756 45 2,505 - 3,007
1987 911.5 2,352 4.7 2,127 -2.,577
1988 758.1 2,216 7.1 1,859 - 2,573
38 Tuolumne River at Modesto 1986 1,843 370 7.2 316 - 424
1987 721.8 344 8.2 288 — 400
1988 215.0 146 9.5 118174
42  San Joaquin River at Maze Road 1986 6,016 4,446 89 3,638 - 5,254
1987 1,820 3,259 9.8 2,614 — 3,904
1988 1,063 3,036 16 1.967 — 4,105
45  Stanislaus River at Ripon 1986 1,336 318 4.6 288 — 348
1987 734.5 213 5.7 188 — 238
1988 599.5 144 6.5 125-163
47  San Joaquin River near Vernalis 1986 7.220 4,523 3.8 4,135 -4,911
1987 2,505 3,671 3.6 3,367 -3,975
1988 1,609 2,868 42 2,601 — 3,135
Other San Joaquin Basin
13 San Joaquin River below Friant Dam 1986 1,346 — — —
1987 92.4 9.2 25 4.6-14
1988 109.8 10 21 6.0-11
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study

unit, 1986-1988—Continued

. Load,
Site no. . Water Mean daily Load Standard error of 95-percent
Site name streamflow load estimate R
{fig. 18) year (#s) (ton/yr) (percent) confidence interval
s per (ton/yr)
22 Merced River at Happy Isles Bridge 1986 539.0 23 24 11-34
1987 158.5 7.6 25 36-12
1988 207.5 10 28 44-16
24 Merced River below Merced Falls 1986 1,488 62 24 31-93
1987 893.7 30 26 15-46
1988 707.4 25 25 13-38
43  Stanislaus River Middle Fork at 1986 188.2 14,6 32 1.6-7.6
Dardanelle 1987 65.1 1.4 32 05-23
1988 66.7 1.2 35 04-2.1
44  Stanislaus River below Goodwin Dam 1986 1,184 1113 32 41 - 185
1987 619.4 58 16 3978
1988 561.7 48 15 33-63
48  Mokelumne River near Mokelumne Hill 1986 1,647 129 45 3.1-55
1987 447.3 185 43 14-16
1988 3233 16.0 47 04-12
49  Mokelumne River at Woodbridge 1986 1,117 159 31 21-97
1987 215.7 17 27 7.2-26
1988 31.7 122 33 0.7-3.7
Tulare Basin
1 Kern River at Kernville 1986 1,577 157 49 1.2-112
1987 458.8 — — —
1988 362.5 — — —
4 Kings River below North Fork, near 1986 3,553 143 21 80 - 206
Trimmer 1987 823.2 39 19 23 -56
1988 855.9 39 22 20-58
5 Kings River below Pine Flat Dam 1986 3,853 1307 42 45 - 569
1987 1.687 1209 49 3.0-415
1988 1,234 — —_ —
8  Tule River below Success Dam 1986 3134 1100 37 22-178
1987 89.8 124 30 8.5-40
1988 48.0 18 40 1.8-34
10 Kaweah River below Terminus Dam 1986 1,103 150 35 15-85
1987 232.9 9.9 28 4.1-16
1988 236.3 188 34 2.7-15
TOTAL NITROGEN
Lower San Joaquin River Basin
16  San Joaquin River near Stevinson 1986 1,824 1,196 13 874 -1,518
1987 70.6 148 9.9 72 -224
1988 27.5 68 13 55 -81
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins, California, study
unit, 1986-1988—Continued

. Load,
Site no. . Water Mean daily Load Standard error of 95-percent
Site name streamflow load estimate "
(fig. 18) year (1) (ton/yr) (percent) confidence interval
$ P (ton/yr)
19  Salt Slough near Stevinson 1986 272.7 1,295 6.1 1,133 - 1,457
1987 265.3 1,604 5.5 1,420 - 1,788
1988 264.5 1,776 6.3 1.547 - 2,005
20  San Joaquin River at Fremont Ford Bridge 1986 2,273 2,664 8.9 2,177-3,151
1987 342.6 1.490 8.0 1,247 - 1,733
1988 288.8 1,809 9.2 1,474 - 2,144
21 Mud Slough near Gustine 1986 119.6 793 14 557 - 1,029
1987 57.7 328 11 252 - 404
1988 53.0 275 13 200 - 350
26  Merced River near Stevinson 1986 860.9 810 54 722 - 898
1987 219.8 454 3.9 417 -491
1988 152.2 324 6.0 284 — 364
27  San Joaquin River near Newman 1986 3,294 4,827 6.4 4,189 — 5,465
1987 673.1 2,371 6.3 2,067 — 2,675
1988 546.9 2,221 7.5 1,885 - 2,557
31  San Joaquin River near Patterson 1986 3,697 6,420 6.6 5,560 - 7,280
1987 911.5 3,820 6.7 3,305 - 4,335
1988 758.1 3,440 10 2,653 - 4,227
38 Tuolumne River at Modesto 1986 1,843 1,147 7.6 968 — 1,326
1987 721.8 726 7.9 609 — 843
1988 215.0 277 9.1 226 - 328
42 San Joaquin River at Maze Road 1986 6,016 9,483 7.3 8,069 — 10,897
1987 1,820 5,690 7.7 4,811 -6,569
1988 1,063 4,472 12 3,271 -5.673
45  Stanislaus River at Ripon 1986 1,336 1,085 11 838 - 1,332
1987 734.5 605 11 473 - 737
1988 599.5 389 12 294 — 484
47  SanJoaquin River near Vernalis 1986 7,220 9,594 3.0 8,897 - 10,291
1987 2,505 6,006 2.3 5,644 - 6,368
1988 1,609 4,492 2.7 4,199 — 4,785
Other San Joaquin Basin
22 Merced River at Happy Isles Bridge 1986 539.0 274 20 154 -394
1987 158.5 74 18 42 - 106
1988 207.5 98 20 55 -141
43  Stanislaus River Middle Fork at 1986 188.2 133 30 13-53
Dardanelle 1987 65.1 17.9 30 33-12.8
1988 66.7 18.5 34 2.7-143
Tulare Basin
1 Kern River at Kernville 1986 1.577 873 16 584 -1,162
1987 458.8 171 11 131 =211
1988 362.5 115 12 85-145
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study

unit, 1986-1988-—Continued

. Load,
Site no. . Water Mean daily Load Standard ?rror of 95—percent
Site name streamflow load estimate .
(fig. 18) year (#s) (ton/yr) (percent) confidence interval
s perc (tonfyr)
4 Kings River below North Fork, near 1986 3,553 2,090 19 1,295 - 2,885
Trimmer 1987 823.2 352 12 258 - 446
1988 855.9 345 13 247 - 443
TOTAL PHOSPHORUS
Lower San Joaquin River Basin
16  San Joaquin River near Stevinson 1986 1.824 260 18 165 - 355
1987 70.6 27 12 20-34
1988 27.5 14 14 10-18
19  Salt Slough near Stevinson 1986 272.7 94 5.9 83 -105
1987 265.3 75 4.5 68— 82
1988 264.5 73 52 65— 81
20  San Joaquin River at Fremont Ford Bridge 1986 2,273 459 11 357-561
1987 342.6 96 7.5 81-111
1988 288.8 82 7.9 69 - 95
21 Mud Slough near Gustine 1986 119.6 47 9.1 38-56
1987 577 19 7.0 16-22
1988 53.0 15 8.5 12-18
26  Merced River near Stevinson 1986 860.9 85 17 55-115
1987 219.8 25 9.4 20 - 30
1988 152.2 18 14 13-23
27  San Joaquin River near Newman 1986 3,294 700 10 551 -849
1987 673.1 184 8.5 152-216
1988 546.9 182 10 146 - 218
31  San Joaquin River near Patterson 1986 3,697 937 8.3 779 - 1,095
1987 911.5 379 7.0 325-433
1988 758.1 323 11 245 - 401
38  Tuolumne River at Modesto 1986 1,843 141 19 86 — 196
1987 721.8 32 15 22-42
1988 215.0 17 19 10-25
42 San Joaquin River at Maze Road 1986 6,016 1,343 8 1,117 - 1,569
1987 1,820 512 7.2 437 - 587
1988 1,063 394 11 294 — 494
45  Stanislaus River at Ripon 1986 1,336 156 21 88 - 224
1987 734.5 50 15 34 - 66
1988 599.5 26 17 17-35
47  SanJoaquin River near Vernalis 1986 7,220 1,270 5.7 1,109 — 1,431
1987 2,505 657 45 590 - 724
1988 1,609 457 53 404 - 510
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins, California, study
unit, 1986-1988—Continued

. Load,
Site no. . Water Mean daily Load Standard error of 95-percent
Site name streamflow load estimate R
(fig. 18) year (#s) (ton/yr) (percent) confidence interval
s P (ton/yr)
Other San Joaquin Basin
13 San Joaquin River below Friant Dam 1986 1,346 152 36 15-89
1987 92.4 5.0 16 34-6.6
1988 109.8 6.6 14 48-84
22 Merced River at Happy Isles Bridge 1986 539.0 9.8 18 59-13.7
1987 158.5 2.5 18 1.5-3.5
1988 207.5 32 20 1.8-4.6
24 Merced River below Merced Falls 1986 1,488 20 19 12-28
1987 893.7 11 17 7-15
1988 707.4 8.1 17 53-10.9
37  Tuolumne River at LaGrange Bridge 1986 1,566 22 16 15-29
1987 3914 5.7 14 4.1-7.3
1988 107.2 1.5 15 1.0-2.0
43  Stanislaus River Middle Fork at 1986 188.2 6.1 21 34-88
Dardanelle 1987 65.1 14 21 0.8-2.0
1988 66.7 1.2 23 0.6-1.8
44  Stanislaus River below Goodwin Dam 1986 1,184 13 31 5-21
1987 6194 8.7 16 6.0-114
1988 561.7 7.2 13 52-92
49  Mokelumne River at Woodbridge 1986 1,117 48 20 27 - 69
1987 215.7 74 14 5.1-9.7
1988 31.7 1.2 15 0.8-1.6
Tulare Basin
1 Kern River at Kernville 1986 1,577 67 23 35-99
1987 458.8 6.9 15 4.7-9.1
1988 362.5 4.6 16 30-6.2
4  Kings River below North Fork, near 1986 3,553 145 26 65 - 225
Trimmer 1987 823.2 15 16 9-21
1988 855.9 15 17 9-
SUSPENDED SEDIMENT
Lower San Joaquin River Basin
16  San Joaquin River near Stevinson 1986 1,824 172,778 29 68,390 — 277,166
1987 70.6 6,662 21 3,727 -9,597
1988 27.5 1,382 27 635-2,129
19  Salt Slough near Stevinson 1986 272.7 46,135 16 30,810 - 61,460
1987 265.3 48,485 17 32,110 - 64,860
1988 264.5 56,226 19 34,446 - 78,006
21  Mud Slough near Gustine 1986 119.6 24,988 15 17,363 - 32,613
1987 57.7 9,786 13 7,200 - 12,372
1988 53.0 5,047 17 3,351 - 6,743
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study

unit, 1986-1988—Continued
. Load,
Site no. . Water Mean daily Load Standard error of 95-percent
Site name streamflow load estimate X L
{fig. 18) year {ton/yr) confidence interval
{ft3/s) {percent)
(ton/yr)
26  Merced River near Stevinson 1986 860.9 47,969 23 26,300 — 69,638
1987 219.8 5.227 7.8 4,355 - 6,099
1988 152.2 3.140 12 2,349 - 3,931
27  San Joaquin River near Newman 1986 3,294 283,988 13 208,791 - 359,185
1987 673.1 73.593 11 57,250 - 89,935
1988 546.9 69.415 14 49918 - 88,912
31  San Joaquin River near Patterson 1986 3,697 397,777 16 268,225 - 527,329
1987 911.5 90,420 11 70,520 - 110,320
1988 758.1 74,663 20 40,770 - 108,556
38 Tuolumne River at Modesto 1986 1,843 175324 32 27,243 — 123,405
1987 721.8 8,294 16 5,547 - 11,041
1988 215.0 1,969 18 1,257 - 2,681
42 San Joaquin River at Maze Road 1986 6,016 621,597 15 429,622 - 813,572
1987 1,820 187,810° 13 137,215 - 238,405
1988 1,063 131,101 21 68,461 — 193,753
45  Stanislaus River at Ripon 1986 1,336 36,864 10 29,333 — 44,395
1987 734.5 17,298 79 14,517 - 20,079
19838 599.5 11,533 11 9,086 — 13,980
47  San Joaquin River near Vernalis? 1986 7.220 569,064 — —
1987 2,505 168,599 — —
1988 1,609 114,016 — —
Other San Joaquin Basin
22 Merced River at Happy Isles Bridge 1986 539.0 3,072 16 2,002 -4,142
1987 158.5 546 13 338 - 704
1988 207.5 657 14 466 — 848
49  Mokelumne River at Woodbridge 1986 1,117 40,583 21 22,667 — 58,499
1987 215.7 2,698 13 1,919 - 3477
1988 31.7 654 15 574 -734
Tulare Basin
1 Kern River at Kernville 1986 1,577 193,128 25 89,042 - 297,214
1987 458.8 3,731 13 2,652 -4,810
1988 362.5 2,359 14 1,628 — 3,090
4  Kings River below North Fork, near 1986 3,553 — — —
Trimmer 1987 823.2 18,622 33 712~ 16,532
1988 855.9 17,636 36 403 - 14,869

1Questionable load estimates (standard error is 30 to 50 percent).
2Suspended sediment loads for San Joaquin River near Vernalis were calculated in National Water Information System (NWIS), not by
ESTIMATOR (a load calculation program).

68 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990

































Table 12. Comparison of stream loads and atmospheric deposition loads for total nitrogen in selected drainage basins, San Joaguin-Tulare

Basins, California, study unit, 19861988

[mi?, square mile; ton/yr, ton per year]

Atmospheric

Drainage basin Drainage Weighting fact_orfor Stream deposition load for
area atmospheric load .
{fig. 39) (mid) d ition sit (tonfyr) total nitrogen, as N
mi eposition sites y (ton/yr)
Sierra Nevada
A Kern River at Kernville 1,027 10.8 Giant Forest 386 655
0.2 Lake Isabella
B Kings River below North Fork, 1,342 10.6 Giant Forest 929 1,070
near Trimmer 0.3 Ash Mountain
0.1 Lindcove
C Merced River at Happy Isles Bridge 181 11.0 Yosemite 149 143
San Joaquin Valley, East Side
C,D Merced River near Stevinson 1,394 10.7 Yosemite 529 1,020
0.2 Sacramento
0.1 Lindcove
E Tuolumne River at Modesto 1.842 10.7 Yosemite 717 1,510
0.2 Sacramento
0.1 Lindcove
F Stanislaus River at Ripon 1,111 10.7 Yosemite 693 862
0.2 Sacramento
0.1 Lindcove
San Joaquin River
C-H San Joaquin River near Vernalis 7,345 10.6 Yosemite 6,697 5,339
0.2 Sacramento
0.1 Lindcove
0.1 Bakersfield
San Joaquin Valley, West Side
H Salt Slough near Stevinson and 473 1.0 Bakersfield 2,024 221
Mud Slough near Gustine

! Average values from Sequoia National Park (Giant Forest) and Yosemite National Park (table 11).

basins, the mean stream load leaving the basing
accounts for 5 to 10 percent of the nitrogen sources and
2 to 5 percent of the phosphorus sources.

The maximum possible contribution of point
sources to mean stream load is shown in table 13. It was

was about 5 percent of the total sources of total
nitrogen and about 3 percent of the total sources of total

phosphorus (table 13). Nonpoint sources accounted for

assumed that none of the nitrogen or phosphorus from
point source discharges was diverted at the points

identified in figure 8, and, therefore, flowed to Vernalis.

This is an unreasonable assumption, especially during

the irrigation season of a dry year when most of the San
Joaquin River upstream of the Tuolumne River

confluence is diverted.

During 1986-1988, the total transport of nutri-
ents from the lower San Joaquin River Basin (fig. 39)

TRENDS IN CONSTITUENT CONCENTRATIONS

Trends in concentrations of nitrate, ammonia,
total nitrogen, orthophosphate, total phosphorus, and

at least 81 percent of this nitrogen transport and at least
68 percent of this phosphorus transport.

suspended sediment during the 1980s at the long-term

Trends in Gonstituent Concentrations

water quality monitoring sites (fig. 18) were evaluated
using the PT2 program. For nitrate and suspended
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Table 14. Trends in nutrient and suspended sediment concentrations during the 1980s, San Joaquin—Tulare Basins, California, study unit

[Numbers (p-values) represent data from Seasonal Kendall test; trend is considered significant if p-value is less than or equal to 0.05.

Symbols: A, upward trend, not flow adjusted;

A ypward trend, flow adjusted; O , no trend, not flow adjusted; ® , no trend, flow

adjusted; <7, downward trend, not flow adjusted: ¥, downward trend, flow adjusted: <, less than; —, no data]

Nitrate, Ammonia, Nitrogen, Ortho- Total Suspended
Site No. Station name (fig. 19) dissolved dissolved total phosphate  phosphorus sediment
(1980-1989) (1982-1989) (1982-1989) (1982-1989) (1982-1989) (1980-1989)
1 Kern River at Kernville ©(0.30) w(<001) v (0.02) v (0.02) v (0.02) ® (0.75)
4 Kings River below North Fork, near Trimmer ~ ©(0.72)  y (<0.01) ® (0.07) ©(0.11)  (<0.0D O (0.40)
16 San Joaquin River near Stevinson 0 (0.33) — — 0 (0.94) A (0.02) —
19 Salt Slough near Stevinson -— — — 0(0.17) ©(0.43) —=
20 San Joaquin River at Fremont Ford Bridge A (<0.01) — A (<0.01) — — —
21 Mud Slough near Gustine — — — — ©(0.12) —
47 San Joaquin River near Vernalis A (<001 vy (<0.0D) ® (0.85) @ (0.33) ® (0.50) ® (0.14)
49 Mokelumne River at Woodbridge A 0.05) v (0.03) ® (0.67) 0 (0.57) ® (0.76) ® (0.68)

sediment, the trend-analysis period was 1980-1989.
The trend-analysis period for the other constituents was
1982-1989; laboratory biases were reported for USGS
data during water years 1980 and 1981. Results of the
trend analysis are given for 8 of the 49 long-term sites
(table 14). The other sites did not have enough data
during this period to report trends. The 95-percent
confidence level is used as the criteria for significance
of upward or downward trends. Trends based on the
seasonal Kendall test are considered significant if the
p-values are less than or equal to 0.05. Trends that were
not flow-adjusted (table 14) should be considered with
caution. The later years of the trend-analysis period
were much drier than the earlier years. Thus, some of
the nonflow-adjusted trends, especially upward trends,
could be primarily due to reduced flows.

Nutrient concentrations, except nitrate, have
been decreasing at the Kern River site during the 1980s
despite reduced flows during the trend period
(table 14). This decrease probably is related to the
state’s continuing effort to improve timber-harvesting
practices and to minimize degradation of stream qual-
ity by domestic wastes and urban runoff. Flow-adjusted
ammonia concentrations have decreased at several sites
and probably is related to improved regulation of
domestic and dairy wastes. The increase in nitrate con-
centration in the San Joaquin River near Vernalis (site
47) is caused primarily by increased agricultural return
flows to the San Joaquin River. This increase in nitrate
was offset by the decrease in ammonia such that there
was no trend in the total nitrogen concentration.

A highly significant, flow adjusted, statistical
trend (p<0.01) of increasing nitrate concentration in the
San Joaquin River near Vernalis (site 47 [1951-1990])
is shown in figure 40. A combination of NWIS and
STORET data fills some data gaps and provides good
coverage for the entire 40-year period. The increasing
nitrate trend could be attributed to several sources
including subsurface agricultural drainage, runoff from
fertilizer application (tailwater), wastewater treatment
plant effluent, and runoff from dairies. The relative
contributions of these sources can be evaluated by
nitrate load estimates and differences in nutrient
concentrations (table 3).

The following information on nutrient sources,
loads, and trends relating to this increasing nitrate trend
at Vernalis is shown in figure 41 (A-D):

(A) Nitrogen fertilizer application and nitrogen
in manure in lower San Joaquin River Basin
(1951-1990) (table 2).

(B) Five—year running averages (1953-1988) of
estimated nitrate loads in the San Joaquin
River Basin near Vernalis, in the combined
east side tributaries (Merced, Tuolumne, and
Stanislaus rivers), and in subsurface agri-
cultural drains. Loads in the San Joaquin
River and east side tributaries were com-
puted by the ESTIMATOR program. The
east side tributary loads are assumed to be
related primarily to runoff from fertilizer
applications. Estimated loads from
subsurface agricultural drains assume a

Trends in Constituent Concentrations 81
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Figure 40. Trend in nitrate concentration at San Joaquin River near Vernalis site, 1951-1990 (seasonal Kendall test p-value is less than 0.01).

constant concentration of 25 mg/L as N, a
drainage factor of 0.7 acre-feet per acre
(acre-ft/acre), and the subsurface drain
installation schedule shown in figure 12.
(C) Five—year running averages of normalized
nitrate concentrations in the San Joaquin
River near Vernalis, in east side tributaries,
and in subsurface drains (1953-1988) were
calculated by dividing the nitrate loads by
total annual streamflows in the San Joaquin
River near Vernalis. Concentrations shown
for each source represent the portion of
concentration at Vernalis contributed by the
source.
(D) Flow-adjusted nutrient concentration trends
in the San Joaquin River near Vernalis.
Other sources of nitrate loads and concentra-
tions (fig. 41B and C) include wastewater treatment
plant discharges, runoff from dairies, and runoff from
fertilizer applications west of the San Joaquin River.
These sources were especially important in the early
1980s because of the effect of water year 1983 on the
S-year running averages. Water year 1983 was an
extremely wet year, and unusually large inputs of
nitrate were probable from the following sources:

(1) inflow from the Tulare Basin through Fresno
Slough (fig. 1), (2) discharges from the Modesto
wastewater treatment plant (fig. 9), (3) runoff from
dairies, and (4) runoff from fertilizer applications west
of the San Joaquin River.

On the basis of the information summarized in
figure 41, the source of the nitrate increase during the
1950s is indeterminate. During the 1960s, phosphorus
concentrations in the lower San Joaquin River near
Vernalis decreased (fig. 41D), and nitrate loads in
runoff to the lower San Joaquin River from fertilizer
application (east side tributaries in fig. 418) and
subsurface agricultural drainage (fig. 41B) increased.
Thus, increased nitrate in the river was due to increases
in runoff from fertilizer application and subsurface
drainage during the 1960s.

Since 1970, phosphorus and ammonia
concentrations in the river have remained relatively low
and stable (fig. 41D). Nitrate runoff from fertilizer
applications (east side tributaries in fig. 41B) was
relatively stable. Nitrate loads to the river from
subsurface agricultural drainage (fig. 41B) have
increased steadily and were the primary cause of the
increase in concentrations in the river since 1970.
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Selected Series of U.S. Geological Survey Publications

Books and Other Publications

Professional Papers report scientific data and interpretations
of lasting scientific interest that cover all facets of USGS inves-
tigations and research.

Bulletins contain significant data and interpretations that are of
lasting scientific interest but are generally more limited in
scope or geographic coverage than Professional Papers.

Water-Supply Papers are comprehensive reports that present
significant interpretive results of hydrologic investigations of
wide interest to professional geologists, hydrologists, and engi-
neers. The series covers investigations in all phases of hydrol-
ogy, including hydrogeology, availability of water, quality of
water, and use of water.

Circulars are reports of programmatic or scientific information
of an ephemeral nature; many present important scientific
information of wide popular interest. Circulars are distributed
at no cost to the public.

Fact Sheets communicate a wide variety of timely information
on USGS programs, projects, and research. They commonly
address issues of public interest. Fact Sheets generally are two
or four pages long and are distributed at no cost to the public.

Reports in the Digital Data Series (DDS) distribute large
amounts of data through digital media, including compact disc-
read-only memory (CD-ROM). They are high-quality, interpre-
tive publications designed as self-contained packages for view-
ing and interpreting data and typically contain data sets,
software to view the data, and explanatory text.

Water-Resources Investigations Reports are papers of an
interpretive nature made available to the public outside the for-
mal USGS publications series. Copies are produced on request
(unlike formal USGS publications) and are also available for
public inspection at depositories indicated in USGS catalogs.

Open-File Reports can consist of basic data, preliminary
reports, and a wide range of scientific documents on USGS
investigations. Open-File Reports are designed for fast release
and are available for public consultation at depositories.

Maps

Geologic Quadrangle Maps (GQ’s) are multicolor geologic
maps on topographic bases in 7.5- or 15-minute quadrangle
formats (scales mainly 1:24,000 or 1:62,500) showing bedrock,
surficial, or engineering geology. Maps generally include brief
texts; some maps include structure and columnar sections only.

Geophysical Investigations Maps (GP’s) are on topographic
or planimetric bases at various scales. They show results of
geophysical investigations using gravity, magnetic, seismic, or
radioactivity surveys, which provide data on subsurface struc-
tures that are of economic or geologic significance.

Miscellaneous Investigations Series Maps or Geologic
Investigations Series (I’s) are on planimetric or topographic
bases at various scales; they present a wide variety of format
and subject matter. The series also incudes 7.5-minute quadran-
gle photogeologic maps on planimetric bases and planetary
maps.

Information Periodicals

Metal Industry Indicators (MII’s) is a free monthly newslet-
ter that analyzes and forecasts the economic health of five
metal industries with composite leading and coincident
indexes: primary metals, steel, copper, primary and secondary
aluminum, and aluminum mill products.

Mineral Industry Surveys (MIS’s) are free periodic statistical
and economic reports designed to provide timely statistical data
on production, distribution, stocks, and consumption of signifi-
cant mineral commodities. The surveys are issued monthly,
quarterly, annually, or at other regular intervals, depending on
the need for current data. The MIS’s are published by commod-
ity as well as by State. A series of international MIS’s is also
available.

Published on an annual basis, Mineral Commodity Summa-
ries is the earliest Government publication to furnish estimates
covering nonfuel mineral industry data. Data sheets contain
information on the domestic industry structure, Government
programs, tariffs, and 5-year salient statistics for more than 90
individual minerals and materials.

The Minerals Yearbook discusses the performance of the
worldwide minerals and materials industry during a calendar
year, and it provides background information to assist in inter-
preting that performance. The Minerals Yearbook consists of
three volumes. Volume I, Metals and Minerals, contains chap-
ters about virtually all metallic and industrial mineral commod-
ities important to the U.S. economy. Volume II, Area Reports:
Domestic, contains a chapter on the minerals industry of each
of the 50 States and Puerto Rico and the Administered Islands.
Volume III, Area Reports: International, is published as four
separate reports. These reports collectively contain the latest
available mineral data on more than 190 foreign countries and
discuss the importance of minerals to the economies of these
nations and the United States.

Permanent Catalogs

“Publications of the U.S. Geological Survey, 1879-1961”
and “Publications of the U.S. Geological Survey, 1962—
1970” are available in paperback book form and as a set of
microfiche.

“Publications of the U.S. Geological Survey, 1971-1981” is
available in paperback book form (two volumes, publications

listing and index) and as a set of microfiche.

Annual supplements for 1982, 1983, 1984, 1985, 1986, and

subsequent years are available in paperback book form.
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